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ABSTRACT 
T H E D E T E R M I N A T I O N OF HYDROGEN PEROXIDE I N SEA WATER USING 
FLOW INJECTION W I T H CHEMILUMINESCENCE DETECTION 
D A V I D PRICE 
This thesis describes the design, assembly and optimisation of a flow injection-
chemiluminescence (FI-CL) procedure for the determination of hydrogen peroxide (HjO^) in 
seawater. An overview of the biogeochemical importance of H2O2 in seawater is presented 
in Chapter One. The use of both flow injection and chemiluminescence based methods are 
also reviewed. 
Chapter Two describes the type of analytical instrumentation used in both flow injection 
and chemiluminescence methods. Each component is described and its suitability to the FI -
CL method discussed. Two detection systems; photomultiplier tube and photodiode, and 
two flow cell designs; coiled glass and lamina, were compared for their suitability to the 
method. A charge coupled device was used to obtain the CL spectra of the luminol CL 
reaction and automation of the FI manifold is also described. 
Chapters Three and Four describe the optimisation of the FI-CL method and its suitability 
to the determination of H jOj in natural waters (river, estuarine and sea). Matrix efifects are 
investigated and a standard addition procedure described. The analytical figures of merit for 
HX>2 determination include a limit of detection of 10 nM and a linear range of 10-500 nM. 
T h e application of the fully optimised method to the in situ determination of HjO^ in the 
western Mediterranean is described in Chapter Five. Hydrogen peroxide depth profiles are 
presented fi-om different geographical areas and diurnal variations in Hfl^ concentration 
discussed. 
T h e final experimental chapter investigates the photochemical generation of H^Oj in both 
synthetic and natural water matrices. Ambient light incubations at sea and artificial light 
incubations in the laboratory were made. 
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Chapter 1 
Introduction 
L I T H E C H E M I S T R Y O F H Y D R O G E N P E R O X I D E 
1.1.1 Physical Properties 
Pure hydrogen peroxide is a colourless liquid (bp 152.1 fp -0.41 ^C) and is similar to 
water in many of its physical properties. It is even more highly associated via hydrogen 
bonding and is 45 % denser than H^O at 20 °C. A summary of physical properties of 
hydrogen and deuterium peroxides and of ordinary and heavy water is shown in Table 1.1. 
Table 1.1 Physical Properties of H^O^, Dfi^, Hfi and D-O Solutions (1 ] 
P R O P E R T Y H A D A 
molecular weight 34.02 36.03 18.02 20.03 
density at 20''C (g mM) 1.450 1.534 0.998 1.106 
heat capacity (J mol"' "C) 2.63 2.64 4.18 4.25 
refractive index 1.407 1.403 1.333 1.328 
surface tension at 20°C 
(x 10-5 N cm-1) 
80.4 81.2 72.75 72.73 
Hydrogen peroxide has a skew, chain structure (Figure 1.1). Substantiating evidence 
included electronic stmcture, dipoie/inertia moment and spectroscopic studies [1] 
1.49 A 
96^52' 0.97 A 
Figure 1.1. The structure of H2O2. 
1.1.2 Chemical Reactivity 
Hydrogen peroxide is usually encountered in the form of an aqueous solution containing 6 
%v/v, 12 %v/v or 30 %v/v R.O3, frequently referred to as "20 volume", "40 volume" and 
"100 volume" H^O, respectively. This terminology is based upon the volume o f oxygen 
liberated v^hen the solution is decomposed by boiling. Thus, 1 ml of "100 volume" H^O, will 
liberate 100 ml of O, measured at standard temperature and pressure [2 ] . 
The reactions of RjO, are classified into three types [1]: 
1. Decomposition processes; 
e.g. 2H,0 , ^ 2H,0 + O,. 
2. Oxidation or reduction reactions: 
e.g. HX>2 + 2Fe^ + 2H-^ -> 2Fe3+ + 2H,0 
or; 2KMnO, + H^O, + SH^SO, -> 2MnS0, + K^SO, + 411.0 + 30,. 
3. Addition-compound formation: 
e.g 3H3O2 + 2Na2C03 -> 2Na,C03.3H202. 
Hydrogen peroxide is a weak acid with an acid dissociation constant ( K J of ca lO"'^ at 
room temperature [1]: 
R.0 , + K , 0 H3O+ + 0_^-
Hydrogen peroxide is therefore a stronger acid than water (K^ lO''^^) but weaker than 
ethanoic acid (K^ lO'^^ [3 ]. 
1.1.3 Industrial Production 
Two methods for large scale production of HjO, exist. One is by autoxidation of an 
anthraquinol, such as 2-ethyianthraquinoI: 
C 2 H 5 
H , / P d 
+ H-,0 
The resulting quinone is reduced by molecular hydrogen. The H^O. is produced as a 20 % 
aqueous solution. 
The other, more expensive method is electrolytic oxidation of sulfuric acid or ammonium 
sulfate-sulfuric acid solutions to give peroxodisulfuric acid, which is then hydrolysed to 
yield H3O3. Subsequent fractional distillation yields 90-98 % H^O,. 
1.1.4 Uses 
Applications of HjO, are based upon several important properties (e.g. oxidising properties, 
source of energy, gas formation on decomposition, source of free radicals, efifects on 
biological processes and use in chemical synthesis). Uses of H^O^ include: 
o bleaching (e.g. cotton, wood pulp, hair), 
o oxidation of dyestuffs, 
o photography (developing fluid for blueprints), 
• metal salt purification, 
o propulsion fluid, 
• explosive, 
o concrete manufacture, 
• medicine (e.g. antiseptic) and 
o chemical synthesis. 
An example of the use of H^Oj as a propulsion fluid was displayed at the Science Museum 
in Spring 1993. A series of "cars of the future" were presented, one of which (the 
"Breather") was fuelled entirely by HjO,. The HX>2 entered a platinum converter and 
produced water and oxygen, resulting in a volume 460 times greater than the original 
solution. The oxygen was pressurised and used to drive a motor to propel the one-seater 
vehicle at 10 km/h. 
A contrasting application is the use of H^O, in medicine. It is particularly well suited to 
antiseptic (a substance which inhibits the growth of micro-organisms without necessarily 
destroying them) action, and advantages include: 
• low tissue toxicity, 
• innocuous products of decomposition, 
o relatively inexpensive. 
• exerts cleansing action and 
• nonallergenic. 
Hydrogen peroxide is still commercially available for medicinal and household use but acts 
slowly in comparison with more toxic and faster-acting modem equivalents (e.g. 2,4,5-
trichlorophenol). 
1,2 H Y D R O G E N P E R O X I D E IN S E A W A T E R 
1.2.1 Composition of Seawater 
There are six major constituents of seawater that make up >99 % by weight of sea salts (see 
Table 1.2). The term salinity is used to express the amount of sea salt dissolved in seawater. 
Although a dimensionless unit it is expressed in practical salinity units (PSU) throughout 
this thesis. 
Table 1.2. Major constituents of seawater (from reference [4 ]). 
ION P E R C E N T B Y W E I G H T 
Chloride (CI ' ) 55.07 
Sodium (Na*) 30.62 
Sulfate (50^2-) 7.72 
Magnesium (Mg^*) 3.68 
Calcium (Ca2*) 1.17 
Potassium (K*) 1.10 
T O T A L 99.36 
The major constituents of seawater, listed above, are termed conservative as physical 
processes such as freshwater inputs and freezing of water do not normally affect their 
relative proportions. However, most minor constituents (<1 % of total weight) are termed 
non-conservative as they are affected by biogeochemical processes within the marine 
environment. For example, the major nutrient elements, e.g. nitrogen and phosphorus are 
necessary materials for plant growth and their concentration profiles vary depending on the 
productivity of the water. 
There are thousands of minor constituents, both inorganic and organic, of which only a 
limited number behave conservatively. Table 1.3 gives examples of minor constituents and 
their approximate concentrations in seawater. 
Table 1.3. Examples of minor elements in seawater (from reference [5 ]). 
E L E M E N T A P P R O X I M A T E C O N C E N T R A T I O N (at 35 P S U ) 
Carbon 2.3 mmol/kg 
Nitrogen 30 |imol/kg 
Phosphorus 2.3 [imol/kg 
Copper 4 nmol/kg 
Iron 1 nmol/kg 
Manganese 0.5 nmol/kg 
Lead 10 pmol/kg 
1.2.2 Environmental Concentrations of Hydrogen Peroxide 
Hydrogen peroxide has been quantified in a variety of different aqueous environmental 
compartments and Table 1.4 gives examples of measured ambient concentrations. 
Table 1.4. Natural levels of H2O2 in the hydrosphere. 
W A T E R T Y P E [ H A ] ( n M ) R E F E R E N C E 
Freshwaters 90-3200 6 
Rainwater 8000-80000 7 
Surface seawater - extremes 0-1000 10 
Surface seawater - typical 50-120 10 
Hydrogen peroxide is a key species in multiphase atmospheric chemistry and is thought to 
be involved in processes leading to acid rain [8 ] . Atmospheric H^O, is present at relatively 
high, easily detectable concentrations and has therefore been investigated in greater detail 
than in natural waters. At present, only six research centres have quantified HjOj in 
seawater (in the USA; California, e.g. [ 9 ] , Florida, e.g. [10] , Massachusetts, e.g. [ I I ] , 
Rhode Island, e.g. [ 12 ] , in New South Wales, Australia, e.g. [ 1 3 ] and in Higashi-
Hiroshima, Japan, e.g. [14 ]) . These studies were primarily concerned with production and 
destruction pathways (diurnal and seasonal cycling) and effects of elevated concentrations 
of R,0 , at the sea-surface. 
1.2.3 Cycling of Hydrogen Peroxide 
Sources 
The occurrence of H^O, in seawater was first reported by van Baalen and Marier in 1966 
[15 ] . It was postulated that its production pathway could be photochemical (atmospheric 
or oceanic) or by metabolic activity of micro-organisms. In the event ail three pathways 
exist. 
The dominant pathway is photochemical production of H^Oj at the sea surface on 
disproportionation of the superoxide anion radical iO{ ). Certain dissolved organic 
chromophores (org) are the light receptors in the production of O, ' : 
org + h\) —> org* 
org* + O, ^ org^ + 0{ 
Superoxide rapidly disproponionates to give RjO^ and regenerates molecular oxygen: 
Photochemical production of FI2O2 in the atmosphere occurs via similar reactions. The 
levels in rainwater are 2-3 orders of magnitude greater than those in surface seawater and 
episodic deposition has been shown to be a significant transient source to the surface ocean 
[14]. 
The final source postulated by van Baalen and Marier resulted from a biologically mediated 
process. Various marine species of phytoplankton [16 , 17 ] and an individual species of sea 
urchin [18 ] were found to generate detectable levels of K j O , in culture studies. Significant 
rates of dark production were observed in the Sargasso Sea with localised increases at 40-
60 m depth [9]. These peaks o f production did not correspond to the chlorophyll maximum 
nor the Synechococcus maximum (dominant marine cyanobacteria) but were inferred to be 
due to (one or) a limited number of marine organisms. 
Sinks 
Decomposition of HjO. is dominated by biological activity (cellular catalases and 
peroxidases) [19] but photochemical destruction also occurs [ 2 0 ] . Many o f these 
production and decomposition processes have been validated by '^O labelled RjO, and 0 , 
studies [21 ] . 
The concentration depth profile of H^O, is typified by a surface maximum followed by a 
sharp decrease in concentration below the mixed layer to undetectable levels at 
approximately 50-200 m. Highest surface H^Oj concentrations occur in the late afternoon 
with a minimum at dawn. The cycling of H^Oj in seawater is represented in Figure 1.2. 
Other sources: 
redox cycling and 
heterogeneous 
photocatatysed 
reactions 
Organic 
chromophores 
md light 
O2 
IVlainly 
biological 
activity 
Minor sources: 
atmospheric and 
biological 
Figure 1.2, The cycling of HjOj in seawater. 
1.2.4 Redox Processes 
The effect of relatively high concentrations o f RjO, in surface seawater (see Table 1.3) are 
not well understood but redox processes involving metal ions can be shown to be affected 
by the presence of H^O^. This brief, purely theoretical, section introduces a simplified 
version of the possible effects of elevated concentrations of H^Oj at the sea surface. 
Redox Potential of Water 
The redox potential (Eh) of water is the potential of the predominant redox couple [22 ] . 
The Eh is therefore determined by the redox couple present at the highest concentration. In 
oxygenated seawater this is molecular oxygen which is present at approximately 300 ( iM or 
0.2 atm [5]. However, it is difficult to measure the redox potential of oxygen in seawater as 
the reduction of O, to H^O is electrochemically highly irreversible and kinetically hindered. 
The measured redox potential (using a redox electrode) is therefore likely to be the OJUfi^ 
couple rather than the O/H^O couple. The concentrations of other redox couples in 
seawater are too low to produce measurable, stable potentials at the electrode in the 
absence of dissolved oxygen. 
Assuming that oxygen is the major component determining the Eh of seawater it is possible 
to calculate the Eh as a function of the partial pressure of dissolved oxygen (P02)-
The redox potential describing the stability o f oxygen is: 
V2 0 , + 2 H+ + 2 e- ^ H 2 O E° = 1.229 V (1). 
Using the Nemst equation: 
£ = 2.3 (RT//7F) log ([reduced species] / [oxidised species]) 
where R is the gas constant (8.314 J mol"' K"0, T is the absolute temperature (taken as 298 
K), n is the number of electrons and F is the Faraday constant (96490 C mol"') 
For the redox reaction describing the stability of oxygen it follows that: 
E = 1.229 - { (0.059/4 x log \H^Y) x (0.059/4 x log P Q J ) } 
E = 1.229 - 0.059 x p H + 0.059/4 log Po. (2). 
Typical seawater values for pH and P 0 2 are 8 and 0.2 atm respectively. Therefore, the redox 
potential is calculated as 0.747 V. 
As stated above the O^/H^O is not necessarily the controlling redox couple. The 
photochemical formation of HjOj can be described by the following redox couple: 
O 2 + 2 H+ + 2 e- H^O^ E° = 0.695 V (3). 
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Again, using the Nemst equation: 
E = 0.695 - (0.059/2) log ( [ H , O J / P Q , [H^Y ) 
E = 0.695 - (0.059/2) log [H.OJ + (0.059/2) log Pq^ + (0.059/2) log [H+]2 
E = 0.695 - (0.059/2) log [H,OJ + (0.059/2) log P Q , - (0.059 x pH) (^), 
Entering a typical seawater concentration of 100 nM H^O, into equation (4) gives a 
theoretical Eh of approximately 0.4 V, significantly less than the 0.747 V calculated for the 
OJHJO couple. 
Hydrogen Peroxide ami Water Composition 
As discussed above, photochemically produced H^O, can lower the Eh of seawater and this 
in turn can alter the composition of surface seawater. A simplified version of the redox 
chemistry of CuG) and Cu(II) is used to illustrate this point. 
The redox couple of Cu(I) and Cu(II) is: 
C u ^ + e- Cu^ Eo = 0.159 V (5). 
Both cations are stabilised by complexation reactions in seawater: 
[Cu(I)] = [Cu-^] + [CuCI] + [CuCI,-] + [CuClj^-] 
[Cu(I)] = (1 + P'cucii [ C I - ] 0 [ C u n (6) 
where P'cuCii *s the stability constant for Cu"*" complexation by i CI ' ions. The complexation 
term is simplified to give an a-coefficient: 
[Cu(I)] = Ocui [Cu^] (7). 
Entering the CI ' concentration and the stability constants for the Cu(I) chloride complexes 
gives a value for otcui of 1.4 x lO^. 
For Cu(II) there is a relationship between the fi-ee C u ^ and the total dissolved Cu(II): 
[Cu^] = [Cu(II)] / otcun (S) 
where Ocun is the a-coefficient describing the complexation of Cu^. This is calculated in a 
similar way as for Cu(I) and is approximately 40. 
Using the Nemst equation: 
E = 0.133 - 0.059 log [Cu+]/[Cu^] (9) 
which can re-written as: 
E = 0.133 - 0.059 log [Cu(I)]/[Cu(II)] - 0.059 log ctcun/Ocul 0^) 
further substitution leads to: 
E = 0.342 - 0.059 log [Cu(I)/Cu(ri)] 
Therefore: 
ICw ' j ( 0 .13J-O/ 
whereas 
CiKii) ] 
(11)-
(12) 
(13). 
The following table summarises the approximate Cu composition in seawater with and 
without 100 nM HjO,. 
Table 1.5. The Cu composition of a simplified seawater with and without H^Oj. 
; [H2O2] = 0; Eh = 0.747 V [HjOJ = 100 nM; Eh = 0.4 V 
[Cun = 
[Cum = 
1010.41 X [Cu*] 
106-86 X [CU(I)] 
lO^K X [Cu*] 
10 X [Cu(l)] 
In both cases [Cu^] is greater than [Cu*] but the difference is much reduced in the presence 
of the reductant, H^Oj. The potential effect of R jOj on the ratio o f Cu(I) to Cu(II) is 
presented in Figure 1.3. The apparent incompatability between Table 1.5 and Figure 1.3 for 
the calculated percentage of Cu(I) is due to differences in the number of significant figures 
used for calculations. 
Calcubted% ofCu(I) 
25 
-9.5 -9 -8.5 -8 -7.5 -7 -6.5 
log (Hydrogen Pcroxidel (M) 
•5.5 
Figure 1.3. Model seawater calculations for the percentage of Cu(l) expected at varying HjOj 
concentrations. 
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The effect of RjO^ concentrations on copper speciation at the sea surface have been 
validated by experimental work [23 -26] . Metal-HjO^ interactions in seawater have also 
been investigated for iron [10, 24, 27 , 28 ] , chromium [29 , 30 ] and uranium [31 , 32 ] . 
The photochemical generation o f H2O2 in surface seawater also-affected the photoreduction 
of manganese oxides at a number of field sites [33 -35 ] . 
1.2.5 Factors Affecting Hydrogen Peroxide Concentration 
As discussed in Section 1.2.3 H^Oj is formed from the action of light on certain organic 
chromophores. The effect of H jOj production on these organics has not been studied but a 
combination of conversion and destmction processes are likely to occur, creating a group of 
photo-reacted organic compounds. The reactions of these newly formed, and possibly more 
labile, species could be of significance in complex biogeochemical cycles in the ocean. 
The most important factor in determining the ambient concentration of H^O, in seawater is 
the amount of incident radiation. This will be dependant on factors such as time of day, time 
of year, albedo {e.g. cloud cover) and latitude. Photogeneration of HjOj is also heavily 
dependant on the spectral quality of the light. Ultra-violet light o f ca 300 nm is most 
efficient at generating HjOj but wavelengths of up to 400 nm have proved to be significant 
sources [6, 36 ] . 
Other factors include the supply of suitable dissolved organic chromophores and the partial 
pressure of oxygen. Factors affecting the distribution of H^Oj in surface waters was recently 
reviewed by Cooper et al. [37 ] . 
This suggests that the highest H^O, concentrations would be found in an oxic equatorial 
region, where there is an adequate supply of suitable organic chromophores. The maximum 
concentration would be found in the late afternoon after a sustained period of 
photogeneration during the day before decomposition processes become dominant in the 
evening. 
1.3 D E T E R M I N A T I O N O F H Y D R O G E N P E R O X I D E 
A variety of classical and instrumental analytical techniques have been investigated for the 
determination of H^Oj in environmental, biological and synthetic media. This section 
summarises the most significant o f them (reviewed in reference [38 ]) . 
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1.3.1 Titrimetry 
There are three standard titrimetric methods for H^Oj (fully discussed in reference [2]). The 
most popular is based upon the following reaction: \ 
2MnO/ + 5R;0, + 6H-^ 2 M n ^ + 50, + 8K,0 
Standardised potassium permanganate is slowly added to an acidified solution o f HjO, and 
the end-point is signified by the persistence o f the faint purple colour o f the KMnOj, ferroin 
(1,10-phenanthroline iron(II)) can be used as an indicator i f dilute permanganate is used. A 
method using spectrophotometric determination of excess KMnO^ remaining after the 
titration gave a limit of detection of 0.3 f i M [39 ]. 
An indirect iodometric titration can also be performed where iodine (or strictly speaking If 
in potassium iodide) is liberated according to the reaction; 
H3O3 + 2H^ + 21- ^ I , + 2K,0 . 
The iodine is then titrated with a standard solution of sodium thiosulfate using a starch 
solution as indicator; 
h + 2S2O32- -> 21- + Sfis"'-
The end-point is determined when the intense blue colour of the starch-iodine complex 
disappears. The iodine formation reaction is slow so ammonium molybdate is added as a 
catalyst. However, molybdate accelerates the atmospheric oxidation o f the hydriodic acid so 
the titration is best performed in an inert atmosphere. Kieber and Helz [40 ] used a modified 
version of the iodometric titration where the end point was amperometrically determined 
and they estimated the detection limit to be 0.02 j i M . 
The third method is the titration of an acidified solution of RjO, with standard cerium(IV) 
sulfate: 
2Ce^ + H;02 -> 2Ce3* + O^ + 2H+. 
Ferroin or A^-phenylanthranolic acid can be used as the indicator with end-point colour 
changes of orange to red and yellow/green to purple respectively. 
1.3.2 Spectrophotometry 
The simplest and most widely available instrumental technique for determination of H^O^ is 
the use of complexing ligands for subsequent absorbance measurements by 
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spectrophotometry. Table 1.6 shows the variety of spectrophotometric methods used to 
determine H^O^ and the reported detection limits. 
Table 1.6. Examples of spectrophotometric methods used to determine H^O,. Limits of 
detection as specified in original paper. 
C H E M I S T R Y MATRIX LIMIT O F 
D E T E C T I O N 
R E F . 
H2O2 quantified by its reduction of 
the absorbance of a water soluble 
titanium(IV)-porphyrin complex at 
432 nm 
synthetic but 
can be 
applied to 
tap and rain 
waters 
10 nM 41 
reduction of Cu(l l) by H2O2 in the 
presence of e x c e s s 2,9-dimethyl-
1.10-phenanthroline (DMP). Cu( l ) -
DMP complex is formed and is 
determined at 454 nm 
synthetic 1 i^M 42 
H2O2 induced oxidation of leuco 
patent blue violet in the presence 
of peroxidase. Measured at 639 
nm 
synthetic 100 nM 43 
H2O2 determined a s the coloured 
condensation product of N-ethyl-
/s/-{sulfopropyl)analine and 4-
aminoantipyrene (569 nm) 
seawater 12 nM 9 
red complex (450 nm) formed 
from the addition of H j O j to Arnold 
Reagent (acidified vanadium 
pentoxide) 
milk 10mg/ l 44 
preconcencentration technique 
using membrane filtration where 
H2O2 forms complex (539 nm) with 
Ti(IV) and 2-((5-
bromopyridyl)azo)-5-(/V-propyl-/V-
sulfopropylamino)phenol 
rainwater 50 nM 45 
The leuco patent blue violet method developed by Clapp and Evans [43] was also applied to 
the determination of H^O, in marine waters (acidified to pH 4.0 and complex measured at 
592 nm) [46 ]. The complex, once formed, was reasonably stable for up to five days, the 
detection limit was 20 nM (3 S D of blank). 
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1.3.3 Fluorimetry 
Fluorescence is the short lived (10"^-10"' s) luminescence (see Section 1.5) of a singlet 
electronically excited state in which the mode of excitation is the absorption of ultraviolet 
(UV), visible or near infrared (NIR) radiation [47 ] . 
A variety of fluorimetric methods for H^O. have been used (Table 1.7), many of which 
involve the peroxidase enzyme mediated oxidation of a hydrogen donor substrate by R,0 , 
[ 4 8 ] : 
2RH + H^O, (+ peroxidase) R-R + 2H.0. 
where RH is non-fluorescent and R-R is fluorescent. 
Table 1.7. Examples of fluorimetric methods used to determine H^O,. Limits of detection as 
specified In original paper. 
C H E M I S T R Y MATRIX LIMIT O F 
D E T E C T I O N 
R E F . 
dimerisation of 4-cresol by H j O j 
using hematin as the catalyst 
synthetic 7 nM 49 
fluorescence quenching of 
scopeletin in the reaction with 
H jO j catalysed by peroxidase 
groundwater 3.6-44.6 nM 50 
dimerisation of 4-ethylphenol by 
H2O2 in the presence of 
peroxidase 
ice 0.05 i^M 51 
Fe(l l ) -catalysed oxidation of 
benzoic acid by HjOj to form 
fluorescent hydroxylated products 
atmospheric 
precipitation 
20 nM 52 
dimerisation of (4-hydroxyphenyl) 
acetic acid by HjOj in the 
presence of peroxidase 
seawater 4-5 nM 53 
1.3.4 Electrochemical Methods 
A number of specialised electrochemical methods for the determination of H,02 have been 
described. Lagrange and Lagrange [54 ] measured H^G^ in rainwater at a rotating disk 
electrode with a detection limit of 5 nM. An analytical blank was prepared by addition of 
catalase to remove all H2O2 prior to analysis. Modified electrode systems have also been 
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developed with varying degrees of success. For example, H^O, has been determined by the 
enzymatic reduction of H^O^ in the presence of hydroquinone, which acts as an electron 
mediator. The oxidised quinone is then reduced at a glassy carbon electrode where the 
current is measured and is proportional to the concentration ofH^O, [55 ] . There is a large 
scope for new electrochemical methods but they tend to be prone to systematic errors 
arising from temporal variations in the electrode surface and lack of conmiercially available 
instrumentation. 
1.3.5 Chemiluminescence 
The use of chemiluminescence (CL) in analytical chemistry suffers from a limited availability 
of commercial instrumentation but can offer substantial advantages over other techniques. 
Compared with other instrumental methods of analysis, CL is rapid, sensitive and does not 
require expensive apparatus. 
Chemiluminescence is described in detail in Section 1.5 but six CL reactions have been used 
in the determination of HjO,; luminol [56 ] , isoluminol [57 ] , lucigenin [58 ] , peroxyoxalate 
[59 ] , fluorescein [60 ] and l,r-oxalyldiimida2ole [61 ] . 
For the work reported in this thesis luminol CL was chosen as a suitable method of 
detection for the following reasons; 
rapid reaction time (maximum CL emission < 2 s), 
simple and inexpensive instrumentation (available in laboratoo'), 
CL already used and validated at sea, 
sensitive (nM concentrations), 
no source light interferences and 
inexpensive and sufficiently stable reagents. 
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1.4 F L O W I N J E C T I O N A N A L Y S I S 
The high sample throughput rate of flow injection (FI) is perfectly suited to the short 
reaction time of CL methods. This advantage is particularly^ appealing for determining 
transient species such as FtO,. The instrumentation required is simple, robust, commercially 
available and inexpensive. The chemistry and orientation of an Fl manifold can also be easily 
changed to allow analysis of a large number of chemical species. Several texts and reviews 
have been written covering the development, application and practical aspects of the 
technique (e.g. [62 -65 ] ) . 
1.4.1 Fundamental Principles 
Flow injection has become a well established sample handling technique that is compatible 
with a variety o f detection systems. The earliest published work coining the term ''flow 
injection analysis' dates back to 1975 [66] although several workers used flow based 
systems prior to this (e.g. [67 -69 ]). Figure 1.4 demonstrates the FI publication growth in 
the last 13 years. 
Number of Publicalions 
500 h 
400 
300 H 
200 h 
100 
1980 1982 1984 1986 1988 1990 
Dale of PubhcaUon 
1992 1994 
Figure 1.4. Flow injection publications since 1981 
(data set obtained using the Bath Information and Data Service with keyword searches for 
"flow analysis" and/or '*flow injection"). 
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Figure 1.5 illustrates the basic components of a simple FI manifold and chart recorder 
output. The technique is based on the injection of an aqueous sample into a continuously 
moving non-segmented liquid carrier stream. The injected sample forms a zone, which is 
transported to a detector that constantly records a chemical or physical parameter (e.g. 
absorbance) as the sample and other solutions pass through a flow cell. The resulting signal 
is usually in the form of a sharp peak which is recorded either on a chart recorder or sent to 
a data acquisition system for subsequent processing. The height o f the peak is usually 
directly proportional to the concentration of the analyte. 
ml/min g 
Carrier 
w 
2-30S 
Figure 1.5. (a) Simple FI Manifold; P Is the pump, S is the injection valve. O is the flow cell 
and W is the waste, (b) Chart Recorder Output; the recording started at S. H is the peak 
height. W is the peak width at a selected level, A is the peak area. T is the residence time 
corresponding to the peak height measurement and f^ , is the peak width at the baseline. From 
(62]. 
The low pressure manifold generally consists of narrow bore PTFE tubing (typically 0.8 mm 
i.d.) and fittings, peristaltic pump(s) with PVC pump tubing, an injection valve, a flow cell 
and a detector. Additional instrumentation can include e.g. tightly wound (heated and 
unheated) mixing coils, switching valves to divert the flow, solid phase reaction columns 
and gas dialyser units. Variations upon FI include reverse FI (rFI) where the reagents are 
injected into a continuous stream o f sample (e.g. [70 ]) , stopped flow FIA for kinetic 
measurements (e.g. [71 ]) and sequential injection analysis (SIA). In SIA the sample and 
reagent zones are first sequentially stacked in a holding coil and then the flow is reversed for 
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transport to the detector [72 ] Dispersion of each zone is then carefully optimised to allow 
quantification of the analyte or kinetic measurements to take place For example, an 
automated SIA method was used to monitor c-lactic acid as a metabolic by-product of 
spoilage organisms in vacuum packed pork [73 ] . \ 
1.4.2 Environmental Applications 
Environmental publications account for 32.8 % of all published FI applications (Figure 1.6). 
Environmental 32.8% 
Clinical 22.5% 
Food 8.3 
Agncuttural 6.8% 
Industrial 11.0% Others 18.6% 
Figure 1.6. Pie chart showing the number of FI papers published in designated research areas 
between 1975 and 1988 (from reference [64]). The "others" category combines biochemistry, 
biotechnology, education and pharmaceutical application publications. 
Environmental FI publications cover a wide variety of environmental compartments {e.g, 
river, atmosphere, ice, soil). The most common methods are laboratory based, entailing 
sample collection, transportation and storage prior to analysis This set of procedures is 
satisfactory for chemical species which are stable in their sampled matrix However, most 
species of interest are labile and the concentration will change during storage The use of FI 
for in situ sample treatment is being increasingly used to overcome this problem. 
Thebenefits include cheap, robust and portable instrumentation which can be applied to 
many environmental situations A recent report surveys the current trends for /// situ FI 
[74] 
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For analysis at sea the shipboard instrumentation must be robust and highly reliable to 
survive the rigours of transportation. The expenses involved in the commissioning and 
upkeep of research vessels results in the need for instrumentation which is guaranteed to 
function correctly. These demands are satisfied by FT instrumentation and a multitude of FI 
and continuous flow methods for seawater analysis exist (see review articles [75 -79 ]). 
However, the use of FI at sea is currently under exploited as the majority of shipboard wet 
chemistry methods use Auto-Analyzers® (ciir-segmented systems) [75]. Examples of FI 
applications at sea include methods for anrmionia [80 ] , phosphate [78], nitrite [81 ] , silicate 
[82 ] , cobalt [83 ] , copper [84 ] , iron [85 ] , manganese [86 88 ] , hydrogen sulfide [89 ] , 
hydrogen peroxide [90 ] and pH [91 ] . 
The next generation of chemical monitors are expected to be submersible systems which 
obtain immediate measurements while in the water column. Johnson and co-workers 
pioneered the use of continuous-flow submersible systems for nitrate [92 ] , total 
iron/iron(n) [93 ] , manganese [93], silicate [94 ] and hydrogen sulfide [94]. These chemical 
analysers (Scanners) were pressure compensated to depths of 2500 m and were deployed in 
hydrothermal vent fields of the Pacific Ocean [95 ] . 
1.5 C H E M I L U M I N E S C E N C E D E T E C T I O N 
Luminescence spectrometry is a widely used technique in analytical chemistry (see reference 
[96 ]) and is briefly defined as [97 ] : 
"the emission of UV, visible or MR radiation from a molecule or an atom resulting from 
the transition of an electronically excited state to a lower energy state (usually the ground 
state). " 
Chemiluminescence is therefore the luminescence which occurs when the electronically 
excited state is produced by a chemical reaction. The first synthetic chemiluminescence 
reaction was investigated by Radziszewski in 1877[98 ] although a variety o f earlier reports 
contain references about luminous organisms (see Bioluminescence, Section 1.5.1) and 
several workers during the 18th and 19th centuries experimented with naturally occurring 
luminescent materials [97]. 
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Three conditions must be met for CL to occur in the visible region: 
1. There should be an energetically favourable reaction pathway for the generation of 
excited state species, 
2. The reaction should be exothermic, with a free-energy chahge o f between 170-300 kJ 
mol"' and 
3. There should be a favourable deactivation pathway to allow CL emission. 
The values for the free-energy change in the visible region (400-700 nm) are calculated 
from the Planck-Einstein equation: 
E = hcfk, 
where £ is the energy of the photon, h is Planck's constant (6.63 x 10"^ J s), c is the 
velocity of light (3 x 10"^  m s ' in a vacuum) and X is the wavelength o f light. 
Four parameters characterise CL emission; colour, intensity, rate of production and rate of 
decay [99 ] . The intensity of a CL reaction is highly variable and is dependent on both the 
rate of reaction and the efficiency with which molecules in the excited state are generated. 
The efficiency is measured by the quantum yield: 
quantum yield (<I>cl) = Zphotons emitted / Zmolecules reacting 
where: 
0(, = fraction of molecules going through the CL pathway (chemical yield), 
= fraction of pathway molecules which produce an excited state product 
(yield of excited state molecules) and 
Op = fraction of excited state molecules which generate a photon (excited state 
quantum yield). 
Values between 10"'^  and 1 have been observed (Table 1.8) but even inefficient CL 
reactions can be utilised due to extremely low background emission [99]. 
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Table 1.8. CL quantum yields and wavelength maxima [97]. 
C L REACTION <1>CL 
luminol 0.01 425 
isoluminol 0.001 c a 4 2 5 
benzylamine + benzoyl CI 10-15 -
peroxyoxalate 0.2-0.3 variable 
marine bacteria 0.2 490 
firefly (luciferin) 0.8-1 562 
Production of CL is always faster than decay time, the initial speed may be as short as 10-
100 ms while the decay can last for hours [97]. 
1,5.1 Types of Chemiluminescent Reaction 
In its most simple form a CL reaction can be represented by: 
A + B ^ P* + LIGHT (h-o) 
where P* is an excited state product. This is termed direct CL. Indirect CL reactions occur 
when the excited state product is either weakly or non-fluorescent and the emission is 
enhanced by adding a sensitiser. The sensitiser (S) becomes the emitting species following 
energy transfer: 
A + B - > P * + S - > P + S * ^ P + S + hij 
A selection of commonly used synthetic CL reactions are shown in Figure 1.7. Many o f 
these have been used in analytical chemistry. 
Chemiluminescent reactions occur in various physical states and include both organic and 
inorganic chemistries. Table 1.9 shows the variety of CL reactions. 
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Figure 1.7. A selection of commonly used synthetic CL reactions. 
Table 1.9. Examples of inorganic and organic CL reactions. 
PHYSICAL 
STATE 
INORGANIC 
CHEMISTRY C O L O U R 
ORGANIC 
CHEMISTRY C O L O U R 
SOLID 
LIQUID 
GAS 
oxidation of P in air 
(vapour just above 
surface) 
H2O2 + NaOCI 
NO + O => NO2 
(air afterglow) 
blue 
red 
yellow-
green 
rubrene peroxide 
dissociation by 
heat 
oxidation of lophine 
in alcoholic NaOH 
ether flame 
red 
yellow 
blue 
Bioltiminescence 
Bioluminescence (BL) is a naturally occurring form of CL and is the emission of visible light 
by living organisms. Luminous organisms are common in all major habitats of the Earth. 
There are estimated to be 700 genera from 16 major phyla which bioluminesce, thus, there 
are many thousands of individual species which emit visible light [97]. There have been 
several analytical applications of BL; a good example is the firefly (Photinns pyralis) 
reaction (see Figure 1.8) which has been used to determine adenosine triphosphate (ATP) 
and species that react to produce or consume ATP [100 ] . 
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0 | * RCHO 
Figure 1.9. The firefly BL reaction. ATP Is adenosine triphosphate, LHj Is the reduced form of firefly luciferln. PPI Is Inorganic phosphate. OL Is the oxidised form 
Of luclferin and AMP Is adenosine monophosphate. 
1.5.2 Analytical Applications of Solution Phase Chemiluminescence 
The three principle attractions of CL detection are its high sensitivity, wide linear dynamic 
range and speed of reaction. Analytical applications of CL have been extensively reviewed 
[99, 101 -107 ] and examples are discussed below. 
Peroxyoxalate (PO) CL is one of the best known solution phase CL reactions and is based 
on the H^O^ induced oxidation of various aryl oxalate esters in the presence of a 
fluorophore. The most commonly used aryl oxalate esters are bis(2,4,6-
trichlorophenyl)oxalate (TCPO) (shown below) and bis(2,4-dinitrophenyl)oxalate (DNPO). 
ci ci 
0 0 > = • 
i: II 
:i ci 
Applications of PO-CL include the direct analysis of fluorescent species (e.g. polycyclic 
aromatic hydrocarbons [108]), H^Oj [109] , dansyl and o-phthalaldehyde derivatives of 
amines [110] and fluorescamine derivatives of catecholamines [111 ] . 
Other analytically utilised CL reactions include the lucigenin and lophine reactions (see 
Figure 1.8). Lucigenin (l0,10'-dimethyl-9,9'-bisacridinium dinitrate) CL occurs in basic 
solution and produces light which can last for several minutes [99]. Several metal ions can 
be determined as they catalyse the RjO, induced oxidation, e.g. Ce(III) (0.8 mg !•> detection 
limit) [112 ] . Lophine (2,4,5-triphenylimida2ole) emits yellow light ( X ^ = 525 nm) in basic 
ethanolic solutions when exposed to air. MacDonald et al. [113 ] used this reaction to 
determine ^g 1"' concentrations of Cr(ITI). Novel CL determinations were discussed in 
detail by Toumshend [104], The determinations described involved interaction of the analyte 
with well established CL reactions, often as a catalyst or sensitiser or after a sequence of 
other reactions. For example, morphine [114], naphthols [115] , humic acids [116], 
loprazolam [117] and streptomycin [118] were all determined by the CL emitted by acidic 
permanganate oxidation. 
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Luminal Chemiluminescence 
The alkaline oxidation of luminol (5-amino-2,3-dihydrophthalazine-l,4-dione) by HjO, is 
the best known aqueous phase CL reaction. It was documented in 1928 by Albrecht who 
investigated the CL properties o f a number of related hydraades [119 ] . The reaction is 
catalysed by haeme-containing enzymes, e.g. peroxidase, and transition metal ions, e.g. 
cobalt(n) and chromium(III). 
The mechanism of the reaction (Figure 1.9) is thought to involve two steps; nucleophilic 
addition to the carbonyl group and breakdov^ of the formed a-hydroxy hydroperoxide 
intermediate [120 ] . 
luminol a-hydroxy hydroperoxide intermediate 
Base 
Cr OOH 
excited state 3-aminophthalate dianion 
NH2 
3-aminophthalate 
+ h\j 
Figure 1.9. The predicted mechanism for the luminol CL reaction. 
The emitting species was proved to be the 3-aminophthalate dianion (shovm above) by 
comparing CL and fluorescent spectra [120]. 
The analytical utility of the luminol reaction has been the subject of extensive study, most 
notably when coupled to FI (Table 1.10). The reaction has permitted determination of the 
oxidising species, organic compounds which can generate the oxidising species, the catalyst, 
luminol itself or species which quantitatively suppress the CL emission. 
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Table 1.10. Fl applications of the luminol reaction Climits of detection as specified in original paper). 
ANALYTE COMMENTS MATRIX LIMIT OF DETECTION* REF. 
Hydrogen peroxide 
portable continuous flow analyser - powered by tap water 0.02 mg 121 
12 V battery; potassium hexacyanoferrate catalyst 
microperoxidase catalyst synthetic 3nM 56 
H P , Co(ll) catalyst synthetic 0.005 nM 118 
H2O2, Co(ll) sample throughput of 350 h-"" synthetic 0,1 nM H A ; 0.01 nM 122 
Co(ll) 
HjOj, luminol immobilised and solid state reagent systems synthetic 0.15 mM H A : 0-1 nM 123 
luminol 
electro-CL synthetic 30 pM 124 
immobilised reagents synthetic 100 pM 125 
sample throughput of 480 h-i rainwater 0.1 ng/ml 126 
H P , Immobilised reagents synthetic 0.4 liM 127 
H,0, CL enhanced by mixed dye sensitiser synthetic/tapwater 0.01 nM (20 pi injection) 128 
Inorganic species 
Co(ll) used various coiled flow cells synthetic 1 pg 129 
Fe(ll), Fe(lll) on-line silver reductor column synthetic 1 nM Fe(ll); 20 nM Fe(lll) 130 
Table 1.10. FI applications of the luminol reaction (continued) 
ANALYTE COMMENTS MATRIX LIMIT OF DETECTION* R E F . 
Fe(ll),Ti(ll) CL also found to occur without luminol; increased synthetic 1 nMTi(lll);ca1nM 131 
intensity by degassing and rhodamine B Fe(ll) 
sensitiser 
NH3 NH3 reacts with hypochlorite to suppress CL river water not given 132 
response 
Co(ll) ion chromatographic separation synthetic 1 pg/ml 133 
Co(ll). Cu(ll). Fe(ll) ion chromatographic separation synthetic 0.01 ng/ml Co(ll); 5 ng/ml 134 
Cu{ll) 
Au(ll) tetrachloroaurate(lll)/luminol in reversed micellar chloroform 10 pg/ml 135 
system 
Cu(ll),Co(ll), weak acids ion displacement of weak acids synthetic 1 nM Cu(ll); 10 pM Co(ll) 136 
; ca lnM weak acids 
TI(IV) on-line Jones reductor column synthetic 1 nlVl 137 
NaCI. NaNOg. KOI, HNO3. displacement ion effect-ion exchange for Cu(ll) synthetic e.g. 120 nM CdClj, FeClj 138 
MgClj. MgSO,. CaCI^. CdCl2, 
CoClj, A I C I 3 . AI(N03)2, FeCla. 
tartaric acid, succinic acid 
Cr(lll), Cr(VI) simultaneous determination using ion synthetic 0.5 ng/l Cr(lil), Cr(VI) 139 
chromatography 
to 
00 
Table 1.10. FI applications of the luminol reaction (continued) 
ANALYTE JxdMMENTsr:;^ ^^ MATRIX. : •. LIMIT OF DETECTION* REF; 
sulfite suppression of luminol CL, EDTA amplifies wine ca 10 |iM 140 
suppression 
Organic species 
glucose immobilised enzyme coil plasma ca 1 mM 141 
glucose, sucrose, maltose, immobilised enzyme reactors synthetic 0.1 p,M glucose, sucrose 142 
lactose, fructose and maltose ; 1 |iM 
lactose and fructose 
glucose immobilised enzyme reactor blood 0.1 mM 143 
L-amino acids (14), glucose reversed micellar system human serum, soft 10.5 nM L-phenylalanine; 144 
drink 27 nM glucose 
thyroxine affinity separation of peroxidase labelled synthetic 0.01 nM 145 
antibodies and antigen from free labelled 
antibodies 
L-amino acids immobilised enzyme reactor cheese not given 146 
oxonium ion, halogeno- based on in situ generation of bromine which then inorganic acids e.g. 0.02 M chloroacetic 147 
substituted acetic acids reacts with luminol (oxonium ion) acid 
ethanol enzymatic production of H2O2, luminol -4- synthetic 10 nM 148 
iodophenol with immobilised horseradish 
peroxidase 
Table 1.10. FI applications of the luminol reaction (continued) 
ANALYTE ^• .^^ ••""• '^MOMMENTS -""i- ' MATRIX LIMIT OF DETECTION* R E F . 
ethanol enzymatic production of HjOj, potassium synthetic 3pM 149 
hexacyanoferrate(lll) catalyst 
glycerol immobilised enzyme reactor wine 12mg/l 150 
vitamin B,2 vitamin B,2 acidified to liberate Co(ll) synthetic 1 ng (50 \x\ sample) 151 
lactate oxidase, LDH immobilised reactor column and enzyme synthetic 48 nM lactate oxidase ; 152 
amplification 103 nM LDH 
glucose. HjOj immobilised glucose oxidase reactor animal cell 10 i^M glucose ; 100 nM 153 
cultures H A 
glucose, lactic acid immobilised enzyme reactors lactic acid 0.92 pM H A 154 
fermentation 
lactate, LDH immobilised enzyme reactors, ferricyanide serum 10 pmol/pl lactate 155 
enhancer 
choline containing phospholipids converted to choline and serum ca 2 pmoI/20 p.1 injection 156 
phospholipids subsequently to H^O^ 
Chemiluminescence Detection at Sea 
Only four CL methods have been reported for use at sea. All have used FI for rapid and 
reproducible sample handling. The analyte, CL reaction and limit of detection for each is 
shown in Table M L \ 
Table 1.11. Shipboard Flow Injectlon-Chemiluminescence Methods. 
ANALYTE C L REACTION LOD. R E F . 
Cobalt Cobalt enhanced oxidation of gallic 
acid in alkaline H^O^ 
8 pM 83 
Copper H2O2 oxidation of 1,10-
phenanthroline-Cu complex 
0.4 nM 84 
Iron(ll) and total 
iron 
Reaction of H2O2, Fe(ll) and brilliant 
sulfoflavin 
0.45 nM 85 
Manganese Catalysis of 7.7.8,8-
tetracyanoquinodimethane oxidation 
in alkaline solution 
0.1 nM 87 
Each method used 8-hydroxyquinoline preconcentration and were deployed in local waters 
of f the coast of California. Iron measurements in 10 month old seawater samples (preserved 
by addition of HCI) were also made using luminol CL after a similar preconcentration 
procedure [157 ] . The limit of detection was quoted as 0.05 nM although the CL emission 
for this standard was indistinguishable from that of the blank. 
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1.6 R E S E A R C H O B J E C T I V E S 
The overall objective was to design, assemble and validate a rapid, automated shipboard 
procedure for the determination of H^O, in seawater at the nM level. 
Specific objectives were: 
1. To design and assemble an FI manifold with CL detection for the determination of H^O, 
based on the luminol reaction. 
2. To optimise the manifold for the determination of H^O, in seawater. 
3. To validate the method at sea and to collect spatial and temporal depth profile data. 
4. To investigate the processes involved in the photogeneration of H2O2 in seawater. 
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Chapter 2 
Instrumentation 
2.1 INTRODUCTION 
The aim of this chapter is to describe the instrumentation used in this research and to define 
the most suitable components for the determination of HjOj in seawater. The components 
of an FI system are discussed, emphasising the suitability of such a technique for the rapid 
determination of H^O, in situ. Different types of FI pumps, injection devices and transport 
systems are presented and compared. An appropriate approach to automation of the FI 
manifold is also given. This is followed by a comparison of CL detection systems 
(photoelectric and photoconductor) and a discussion of flow cell design. 
2.2. F L O W I N J E C T I O N INSTRUMENTATION 
The fundamental principles of FI were introduced in Chapter 1 (Section 1.4.1) and are 
extensively documented in a number of texts [62-64] and reviews [65, 158 -163 ] . One text 
is solely concerned with the practical issues of FI and is therefore particularly relevant to 
this section [64]. 
The number of components used in an FI manifold is determined by the complexity of the 
chemical method. For example, a spectrophotometric method for the determination of 
chloride in serum reported by Hansen and Ruzicka [164] uses the manifold presented in 
Figure 2.1. The system is based on the chloride induced displacement of thiocyanate from 
mercury(II) thiocyanate and subsequent reaction with iron(in) [165 ] : 
Hg(SCN), + 2CI- HgCl^ + 2SCN-
SCN- + Fe3+ FeSCN^ 
This manifold uses many of the components available for FI methods but additional items 
(e.g. reactor columns, phase separators, segmenters) can also be used. The dialyser; a semi-
permeable membrane held between two channelled Perspex® blocks, is used to dilute the 
sample and reduce matrix interferences. 
32 
Sample 
H2SO 
H2O 
Hg(SCN)2 
Fe(lll) 
Waste 
0.3 Dialyser 
1.3 
1.3 
•Waste 
Detector 
37°C 
Figure 2.1. Fl Manifold for the Determination of Chloride in Serum [164]. 
Mixing coil lengths and flow rate values are given in cm and ml min"^ respectively. 
As shown above, FI manifolds comprise a number of different components, of which only 
four are essential; 
• pump(s) (Section 2.2.1), 
• transport system (Section 2.2.2), 
• injection valve(s) (Section 2.2.3) and 
• detection system (Section 2.3). 
Recent advances in the miniaturisation of FI components {e.g. micro-machined silicon 
structures incorporating pumps and flow manifolds [166 ]) are expected to provide the next 
generation of in situ FI methods [74]. Such technology was not available for the research 
described in this thesis. 
2,2.1. Pumps 
The major requirement of an FI propulsion system is that it must provide a flow rate which 
allows constant dispersion throughout the manifold. There are three common types of 
propulsion system which meet this requirement: 
1. Peristaltic - set of rollers on a revolving drum that squeezes flexible tubing to produce a 
constant pulsing flow. 
2. Sinusoidal - cam-driven piston that produces a variable pulseless flow. 
3. Gas-Pressure Reservoir - pressurised inert gas vessel connected by a flow regulator to 
each reagent or carrier reservoir, producing pulseless flow. 
33 
Peristaltic pumps are the most common type of propulsion system used in FI and were used 
throughout the course of this research. Reasons contributing to its choice for the in situ 
determination of K j O , in seawater include: 
inexpensive, .^ 
technologically simple, 
reliable (no servicing required), 
physically small, 
high level of experience (used frequently and over several years in research group), 
robust (suitable for transportation and shipboard deployment), 
multi-channel (up to 16 channels) and each can have a different flow rate, 
easily automated and 
wide variety of commercial models available. 
A potential disadvantage o f the peristaltic design is flow pulsing, this is caused by the roller 
rotation successively squeezing the liquid through the flexible tubing Cpump tubing'). The 
number of pump rollers and the rotation rate determine the magnitude and frequency of this 
pulsing, which consequently affects the periodic noise at the detector. 
Experimental 
Two pumps were required for the determination ofHfl^ by the FI method presented in this 
thesis: 
• Sample Introduction Pump (SEP) and 
• Reagent Supply Pump (RSP). 
As the SIP's only function was to fill the sample loop (see Section 2.2.3) the pulsing caused 
by this pump was not of consequence, a low cost, fixed speed 8-roller peristaltic pump was 
used (Ismatec FIXO 4/820). However, the RSP required pulseless flow to reduce detector 
noise so a sophisticated model was chosen to ensure smooth flow characteristics (Gilson 
Minipuls 3, Model MP4/HF). The pump was variable speed with lO-rollers and had a rpm 
liquid crystal display. The speed of the pump was altered by push-button operation; this 
feature allowed accurate and rapid flow rate optimisation of the manifold. A calibration of 
rotation rate and flow rate for this pump is shown by Figure 2.2. 
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Figure 2.2. Rotation Rate vs. Flow Rate for the Gilson Minipuls 3 (from users guide). 
2.2.2. Transport System 
Flow injection requires continuous, uninterrupted flow of liquid from reagent or sample 
container, via fundamental components {e.g. pumps, injection devices, detectors) to waste. 
The transport system must, therefore, connect the different components and allow the 
desired extent of mixing or dispersion of the sample and reagent streams. 
There are three types of component which make up the transport system applicable to this 
thesis: 
1. Connecting Tubing 
The majority of an FI transport system is composed of narrow bore tubing (0.1-2.0 mm 
i.d.). The materials used to make the tubing are chemically inert and insensitive to 
temperature changes; Teflon® (polytetrafluoroethylene, "PTFE") is most common but 
polyethylene, polypropylene and polyvinylchloride (PVC) are also used. The length of the 
tubing is dictated by the experimental requirements and may vary from a few millimetres to 
upwards of 40 metres. 
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2. Pump Tubing 
The compositional choice of pump tubing used in conjunction with peristaltic pumps is 
dependant on the type of liquid being transported. Examples of suitable pump tubing 
compositions for different liquids are given in Table 2.1. ' 
Table 2.1. Pump Tubing Composition and Liquid Transport. 
TUBING COMPOSITION SUITABLE LIQUIDS 
PVC inert aqueous solutions and medium 
concentration acids and alkalis 
(e.g. 50 % H2SO4) 
Tygon® < 5 % alcoholic solutions and medium 
concentration acids and alkalis 
silicone weak organic solvents and medium 
concentration acids and alkalis 
fluoroelastomer (e.g. Acidflex®) strong chlorinated acids and alkalis, 
aromatic hydrocarbons and chloroform 
nnodified PVC (e.g. Solvaflex®) strong alcoholic solutions, aliphatic 
hydrocarbons and carbon tetrachloride 
Viton® strong acids and alkalis and 
chlorinated organic solvents 
From Table 2.1 it can be seen that most liquids can be transported using suitably resistant 
tubing but that PVC is sufficient for reactions which occur in aqueous media. As mentioned 
above, some of the less expensive peristaltic pumps are fixed speed models. However, the 
flow rate is easily varied by using pump tubing of different i.d.. Commercially manufactured 
pump tubing is available in colour coded bridges (used to fix the tubing to the pump 
rollers), each colour combination representing a different i d. size. Table 2.2 shows 
examples of pump tubing i.d. sizes available and bridge colours (Labsystems, Basingstoke). 
3. Connectors 
An essential requirement for a successful FI method is that all connections are close fitting, 
leak proof and durable. Entrainment of unwanted air bubbles via loose connections within 
an FI manifold can result in either a decrease in signal or high detector noise. Serious 
problems may also arise from the leakage of corrosive or toxic substances. A variety of 
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connections are made to ensure close fitting of tubing with other tubing and manifold 
components. 
Table 2.2. Pump Tubing Bridge Colours and Internal Diameter Sizes. 
BRIDGE C O L O U R S i.d.(INCHES) lid. (mm) 
orange-black 0.005 0.127 
orange-yellow 0.020 0.508 
red-red 0.045 1.143 
yellow-blue 0.060 1.524 
purple-purple 0.081 2.057 
purple-orange 0.100 2.540 
black-white 0.125 3.175 
The most common type of tubing connection is made by forming a threaded, flanged fitting 
to screw into Perspex® or PTF1E blocks (Figure 2.3). The end of the PTFE tubing {ca 5 
nrim) is wanned and moulded using a "flanging device" or electrically heated spike (Tecator) 
to give a flat circular end. A plastic screw fitting, and washers are slipped onto the tubing 
enabling reliable fixing with other screw fittings. 
Perspex T-piece 
Screw fitting 
Moulded PTFE 
Tubing 
Figure 2.3. Perspex T-Piece and Flanged Fitting. 
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Several geometrical configurations using flanged fittings have been developed [63]. 
Simpler FI manifold connections can also be made which are quicker and cheaper but less 
reliable, for example: 
• Push-in - one piece of tubing is smaller than the other so a \ight fit is created by simply 
inserting the small one into the larger one. 
• Silicone - occasionally used to connect two pieces of PTFE tubing- both ends inserted 
into a small piece (ca 10 mm) of silicone tubing. 
Experimental 
The connecting tubing used in the FI manifold was PTFE with an i.d. of 0.8 mm and an o.d. 
of 1.5 mm (Anachem, Luton). This tubing was durable, resistant and suitable for the luminol 
reaction chemistry. The tubing was only changed when the manifold was re-configured (ca 
twice a year). 
The flow rate was required to vary between 0.8-5.6 ml min"* for system optimisation. Red-
red pump tubing (1.143 mm i.d.) was used throughout this work (Labsystems, Basingstoke) 
to provide a suitable range when used in conjunction with the Gilson Minipuls pump. The 
reagent streams were alkaline (pH 9.0-12) but inert enough to use inexpensive PVC pump 
tubing. The tubing was very reliable with daily usage but the tight fixing against pump 
rollers was released at the end o f each session to allow the tubing to regain its structure. On 
average the pump tubing was changed every two months due to slight wear and 
discolouration. The wear on the pump tubing within the two month period was not found to 
affect the flow rate. The pump tubing split on two occasions during the three years of this 
research. 
Table 2.3 lists the types of connection made in the FI manifold and their respective 
fijnctions. 
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Table 2.3. Type and Function of FI Connection used in the Determination of HjOj. 
T Y P E O F CONNECTjPN , FUNCTION 
flanged (T-piece) 
flanged (dual connection) 
push-in 
silicone 
to merge two reagent streams within 
detector housing 
to connect carrier stream tubing to 
injection valve 
to connect pump tubing to P T F E 
tubing 
to attach sample loop to injection valve 
2.2,3, Injection Valve 
Four injection systems are commonly used in FI manifolds: 
1. Rotary Valve - usually a six port unit with sample loop switched by electronic or 
pneumatic operation. Similarly operated slider valves are also used. 
2. Hydrodynamic - selective stopping and starting of reagent pump; sample enters 
reagent stream while the reagent pump is stopped and is then transported to the 
detector when it is restarted. 
3. Syringe - manual injection through septum. 
4. Proportional - three Perspex® blocks (two fixed and one moving) with holes drilled to 
allow passage of liquid in two different paths (fill and empty). 
The earliest injection device was the syringe based system but is now only o f historical 
significance. The injection process created a transient change in flow rate which resulted in 
sharp and non-reproducible peaks. Hydrodynamic injection was also an early development 
in FI but suffered fi-om cross-contamination between the stream interfaces at both ends of 
the transport tube. The proportional injector was developed by Bergamin F^ and co-workers 
in Brazil [167 ] and has similar qualities to that of rotary injection valves; e.g., reproducible, 
wide volume range, fast and capable of automation. Rotary valves are the most common 
type of injection device in FI and are marketed by several firms (e.g. Rheodyne and 
Tecator). Multi-injection systems incorporating rotary valves in parallel have also been 
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developed to increase sample throughput, lower reagent consumption (merging zones) and 
allow simultaneous determinations [63]. 
Experimental 
A six-port rotary injection valve, operated by a Universal Valve Switching Module (both 
supplied by Anachem, Luton), was used throughout this research. Specific benefits for the 
in situ determination of RjO, in seawater included: 
• simple operation (push button or remote), 
• physically small (3 kg weight), 
• rapid operation (250 ms position to position), 
• robust (suitable for transportation and shipboard deployment), 
• high level of experience (used fi-equently and over several years by research group) and 
• easily automated. 
The injection valve was made of moulded PTFE with grooves cut to allow accurate 
positioning of flanged tubing. It was operated by switching between two positions, a sample 
loop filling period followed by transport to the detector (Figure 2.4). 
POSITION 0 (Loop Filling) 
Detector Luminol 
POSITION 1 (Sample Transport) 
Luminol 
Waste 
Detector 
Sample Waste Sample 
Figure 2.4. The Injection Valve in Module Positions 0 and 1. 
The valve module powered the switching between the two positions (displayed as either 0 
or 1) and could be operated locally (push-button) or remotely (contact closure, 8 BIT 
parallel or RS232c serial). 
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2.2.4. Manual Flow Injection Manifold for the Determination of Hydrogen Peroxide 
The optimised manifold used in the determination of H^Oj by its reaction with luminol to 
produce CL emission is shown in Figure 2.5. This manifold was used for all experiments 
reported in this thesis unless otherwise stated. \ 
Luminol-
(A) 
Cobalt(ll)-
(B) 
Sample (0.1 ml) 
f 
(C) 
Detector 
Waste 
Figure 2.5. Flow Injection Manifold for the Determination of HjOj. 
The sample was transported to the detector after injection into the luminol stream and the 
two mixed en-route before reaching the T-piece where all three components were 
thoroughly mixed and passed into the flow cell. The manifold tubing distances are given in 
Table 2.4. The distance between the merging point (D) and the flow cell (£) was as small as 
physically possible (each end had a flanged fitting) to ensure rapid passage of reagent 
solutions and sample into the flow cell. 
Table 2.4. FI Manifold Tubing Lengths. 
CONNECTION TUBING LENGTH (cm) 
>Ato C 200 
Bto D 190 
Cto D 45 
Dto £ 2.5 
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2.2.5. Automated Flow Injection Manifold 
An analytical system is automated for the followang reasons: 
• reduce human error and increase reproducibility (reproducibility defined in Section 
3.2.3), ^\ 
• reduce analysis time, 
• enable the analyst to spend time on other work (cost effectiveness) and 
• allow immediate acquisition, processing and archiving of data. 
Of these, the reduction in analysis time was paramount to this research due to the transient 
nature of the analyte. Hydrogen peroxide is a highly reactive species, particularly in complex 
matrices such as seawater where it rapidly reacts with many inorganic and organic 
constituents (see Sections 1.1 and 1.2). Therefore, the automation of the FI manifold was 
concerned with satisfying this requirement rather than data treatment. 
Experimental 
An in-house designed micro-controller based on the 8052 chip was built and used 
throughout this work. The two board controller was securely fixed inside a plastic box (RS 
Components, Corby) with dimensions 225 x 205 x 70 mm (length x width x maximum 
height). The total cost of the in-house manufacture was ca £ 200. 
The micro-controller was based on an earlier prototype designed for an in situ nutrient 
analyser [168 ] . The software and hardware were modified to allow the on/off control of 
both pumps and the switching o f the injection valve between positions 0 and 1. The control 
of the FI manifold and the injection cycle are represented by Figures 2.6 and 2.7. 
Reagent; 
Sample or 
standard 
RSP Valve Detector 
Waste 
Data acquisition 
available but 
....not used 
SOLUTION FLOW 
CONTROL 
Figure 2.6. Flow diagram showing the control of the FI manifold. 
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RSP on 
SIP 
Valve 
Posn. 
on off on off on off on 
0 1 0 1 0 1 0 1 
13.5 s 
Time 
24.5 s 
Figure 2.7. The timing of the injection cycle for the determination of Hfi^ by FI. 
One complete cycle lasted 38 s (95 h'^). 
A data acquisition facility was available but was not used due to the excessive time required 
{ca 3 minutes for transfer of data for each sample injection). The short BASIC program is 
shown in Appendix 1. The micro-controller was operated via a PC but could be left to nin 
independently with the program stored in ROM. 
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2.3. C H E M I L U M I N E S C E N C E D E T E C T I O N 
The CL detector responds to light and produces an effect which is either directly seen and 
recorded by a human observer, or converted to a chemical, thermal or electrical signal. Four 
different methods therefore exist: 
1. Biological - e.g. the human eye, 
2. Chemical - e.g. photographic paper, photosensitive solutions, 
3. Thermal - e.g. thermopile and 
4. Electrical - photoelectric device (photomultiplier), photovoltaic device (light meter), 
photoconductor device (photodiode). 
Of the above, only the photoelectric and photoconductor devices are sensitive enough for 
low level detection o f luminol CL: 
2.3.1, Photomultiplier Tubes and Photodiodes 
Both types of CL detection system are discussed and a comparison of their relative merits is 
given in the following experimental section. 
A phoiomultiplier tube (PMT) is composed of f four main parts (Figure 2.8): 
1. a glass envelope which maintains a vacuum and has a transparent window through 
which photons enter (the window can be composed of borosilicate glass, UV glass, 
quartz, magnesium fluoride or sapphire depending on the wavelength of interest), 
2. a photocathode made from a plethora o f different materials (see Table 2.5), 
3. electron multiplier dynodes and 
4. an anode mesh (electron collector). 
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Figure 2.8. The Structure of a Typical Photomultipller Tube. From reference [97]. 
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The PMT detects a photon at the photocathode and emits an electron according to the 
photoelectric effect (primary emission). The electron is electrostatically accelerated and 
focused to hit the first of the electron multiplier dynodes. These dynodes are composed of a 
different material than that of the photocathode {e.g. BeCu 'or SbCs) and emit several 
electrons (secondary emission). Each of these electrons is accelerated and hits a second 
dynode, where more electrons are emitted. This amplification procedure is repeated for up 
to 14 times before the resulting electrons are collected as a pulse o f charge at the anode. 
The anode outputs the pulse as a current. 
Table 2.5. Typical photocathode compositions (from reference [97]) 
DESCRIPTION COMPOSITION OPTIMAL ^(nm) 
Bialkali (ambient T) KgCsSb or RbCsSb 380 
Bialkali (high T) Na2KSb 360 
S CSgSb 380 
S1 Ag-OCs 360 & 800 
S1G BiAg-OCs 420 
S11 CSgSb-O 390 
Super S11 CSjSb-O 410 
S20 (tri/multi-alkali) NajKSbCs 380 
Others GaAs. GaCs flat 
CsTI. Csl <320, <200 
Photodiode based detectors fijnction in a different manner to PMT's. They are based on the 
effect of light on the resistivity of the p/ i junction of a semiconductor [97,169 , 170 ] : 
A semiconductor is a crystalline material with conductivity intermediate between that of a 
conductor and an insulator. Many semiconductor materials exist but silicon is the most 
common. Silicon is a Group I V element and in its crystalline form has four electrons 
localised in covalent bonding. In principal no fi^ee electrons are present so the material 
would be expected to act as an insulator. However, an occasional electron is liberated by 
45 
room temperature-thermal energy, leaving it free to move through the crystal lattice and 
conduct electricity. This excitation process leaves a positively charged hole, associated with 
the silicon atom, which can move stepwise across the lattice. A bound electron from a 
neighbouring silicon atom jumps to the electron deficient region leaving another positive 
hole. Conduction therefore occurs with electrons passing in one direction and positive holes 
in the other. The conductivity is greatly enhanced by adding a tiny amount o f impurity 
{doping). Introducing a Group V element {e.g. Sb) into the lattice will add extra non-
bonding electrons (/7-type semiconductor) and introducing a Group I I I element {e.g. B) will 
encourage more positive holes (^-type semiconductor). The positive holes are much less 
mobile than the free electrons so the conductivity of a /7-type semiconductor is inherently 
less than that of an w-type. Thus, current can only pass in one direction. 
A diode is formed by mzmufacturing adjacent n- and p- type regions within a single silicon 
crystal, called a p/? junction (Figure 2.9). 
9 Hole 
0 Electron pn junction 
0 0 
0 0 
0 0 
p region n region 
Metal 
contact 
Wire lead 
Figure 2.9. Schematic of the pn junction within a silicon diode. 
Shining U V or visible light onto a pn junction under reverse bias (positive holes and 
negative electrons are drawn in opposite directions, away fi'om the pn junction to form a 
depletion layer) generates additional electrons and holes which result in an increase in 
conductivity. This increase is directly proportional to the amount of radiant light. Most 
photodiode based detection systems consist o f an array o f diodes to enhance sensitivity and 
to enable multi-wavelength monitoring. A thousand or more diodes can be fabricated side 
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by side on a single silicon chip (each diode has a width of ca 0.02 mm). Diode array 
detectors are commonly used in UV/vis spectrophotometry applications but are not 
extensively used in other forms of spectroscopy (luminescence, Raman and atomic 
emission) due to lack of sensitivity at low light levels [171 ] . 
There are several different aspects to consider when choosing a suitable detector, which 
depend on the application. Table 2.6 gives a comparison of the relative performance of 
PMT's and photodiodes for different properties. 
Table 2.6. PMT vs. photodiode detectors. 
P R O P E R T Y PHOTOMULTIPLIER PHOTODIODE 
Quantum efficiency low high 
Physical characteristics fragile rugged 
Spectral response good but low in red excellent but low in blue 
Relative sensitivity 1000 1 
Power source high voltage; ca 1 kV low voltage; ca 15 V 
Cost expensive cheap 
Response (transit) time fast slower 
Noise v.low but > photodiode less noise 
Overexposure damage ? yes no 
Size large small 
The quantum efficiency (QE % ) at a particular wavelength is the average photoelectric yield 
per incident photon (usually expressed as a percentage). The spectral response and quantum 
efficiency of the PMT's and photodiodes are given in Figure 2.10. 
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Figure 2.10. Spectral response and quantum efficiency of different types of PMT and 
photodiode. (SPD = silicon photodiode; APD = avalanche photodiode). From reference [172 ]. 
Experimental 
A PMT detection system was selected for its suitability to CL reactions such as the luminol 
reaction. In basic solution maximal light emission occurs 1-2 s after mixing o f luminol, 
cobalt(II) and H^O^. PMT's are the fastest light detectors (1.8-15 ns rise time) and 
continually and instantaneously record the emitted CL from such reactions. No read out 
delay or build up of signal occurs. Additional benefits of PMT's include the availability of 
blue sensitive (required wavelength = 420-450 nm) and low dark current tubes. 
There are a wide variety of PMT designs and specifications to satisfy their usage in a 
number of diverse applications. An end-window PMT (9789QA) from Thorn E M I (Ruislip, 
Middx.) was selected for the following reasons: 
low noise characteristics (dark current = 0.16 nA), 
high radiant sensitivity of 85 .5 mA/W (13 stages of "Venetian blind" CsSb dynodes), 
suitable spectral response (blue light sensitive; Coming Blue value = 10.1), 
high quantum efficiency (25.25 % at 420 nm) and 
rapid time response (55 ns transit time; 10 ns anode pulse rise time). 
The bialkali (IC,SbCs) PMT was fitted with a fijsed silica end-window and used in 
conjunction with other Thorn E M I products; a mu-metal shield for magnetic insulation 
(MS52D), a built in current-to-voltage amplifier (C634), an ambient temperature, radio-
fi-equency shielded light-tight housing (B2F/RFI) and a 1.1 kV power supply (PM28B). The 
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amplifier allowed four settings to be used (x 1, x 10, x 100 and x 1000) and was supplied 
with 15 V fi-om an independent power supply (BBH Products). The highest amplification 
setting was used throughout this thesis. 
A photodiode based CL detector was designed within the siame laboratory during this 
research. The details of the detector are documented elsewhere [173 , 174 ] but a simple 
comparison was made between the PMT detector and a prototype of the CL detector. The 
manifold shown in Figure 2.5 was used for both detection systems. The same operational 
conditions were used for each system except for the flow rates which were optimised 
separately. The concentrations o f the luminol and cobalt(II) reagent solutions, both buffered 
at pH 10.8, were 3 x lO^^ and 5 x lO'** M H^O^ respectively. The sample volume was 100 [xl 
whilst the optimal flow rate for the PMT based detector was 2.1 ml min"* and 1.8 ml min"^ 
for the photodiode based detector. 
The results are given in Table 2.7 (background signal and noise are discussed in greater 
detail in Section 3.3.2). 
Table 2.7. A Comparison between PMT and Photodiode Detectors. 
HjOj (nM) PMT D E T E C T O R PHOTODIODE 
D E T E C T O R 
3000 > 11800 (off scale) 65 
2000 10140 38 
1000 4050 13 
900 3310 12 
800 2960 10 
700 2460 9.0 
600 1900 7.0 
Mean RSD* (n = 5) 1.0 % 3.1 % 
Background Signal (mV) 1-5 80-120 
Background Noise (mV) 0.5-5 3-5 
R S D = relative standard deviation, a statistical nneasure of repeatability: see Section 3.2.3. 
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The PMT based detector was far more sensitive to low level light detection of H^O, by the 
luminol CL reaction. The relatively poor response of the photodiode based system is partly 
attributed to the incompatibility of the spectral response characteristics of the photodiode 
(^max ^ ^ ) ^ compared with the maximum emission\wavelength of the luminol 
reaction (k^ = 440 nm) and partly due to incomplete optimisation (only flow rate was 
optimised). The photodiode based detector was considered to be less suitable for low level 
determination of HjO, in seawater. Therefore, all subsequent H^Oj determinations used the 
PMT based detection system. 
2.3.2. Charge Transfer Devices 
Recent advances in high performance multichannel light detectors with increased sensitivity 
has led to the development and use of charge transfer devices (CTD's). This group of 
devices are solid-state integrating multichannel photon detectors which employ inter-cell or 
intra-cell charge transfer for readout. Signal information is accumulated as light strikes the 
detector surface in a similar way to photographic film. The accumulated signal information 
is stored as electrical charge, the amount of which is proportional to the number of photons 
striking the detector. The charge transfer can be measured by two processes: 
• inter-cell charge transfer - moving the charge fi-om the detector element where it had 
accumulated to a charge-sensing amplifier (charge-coupled device or CCD) and 
• intra-cell charge transfer - moving the charge within a detector element and sensing 
voltage changes induced by the movement {charge-injection device or CID). 
The CCD is better suited to spectroscopic applications as the on-chip amplification allows 
very low signal-to-noise output. The most widespread use of charge coupled devices 
(CCD's) is in the field of astronomy for astronomical imaging [171] but there is increased 
usage in spectroscopic applications {e.g. time resolved, spatially resolved and plasma 
emission), particularly Raman spectroscopy [175]. The operation and characteristics of 
CCD's are described elsewhere [171, 176 ] but Figure 2.11 shows the layout of a typical 
three-phase CCD. 
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Figure 2.11. Layout of a typical three-phase CCD. Photogenerated charge is shifted in parallel 
to the serial register. The charge In the serial register is then shifted to the amplifier. 
Experimental 
A 578 X 385 pixel liquid nitrogen cooled charge coupled device (Instruments S.A.) was 
used to obtain luminol CL spectra. A continuous flow manifold (Figure 2.12) was set up for 
use with the CCD to give a steady level of light emission. 
Luminol 
and -
Cobalt(ll) 
Hydrogen 
Peroxide 
•mi 
Detector 
'Li.-. U ^ Waste 
Figure 2.12. Continuous Manifold used to obtain CL Spectra. 
Cobalt(II) nitrate hexahydrate (10"- M ) and luminol (lO"** M) in 0.1 M sodium carbonate 
(pH adjusted to 10.8) were mixed at a T-piece with 0.1 M H^O,. The resulting spectra were 
binned at 30 second intervals and the averaged spectra downloaded into a graphics package. 
Figure 2.13 shows a typical spectrum of luminol CL. 
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Figure 2.13. Spectrum of luminol CL (using a 578 x 385 pixel CCD). 
Charge coupled devices are not well suited to the in situ determination of HjO, in seawater 
due to unsuitability to shipboard deployment (large, fragile and requires liquid nitrogen 
cooling). However, CCD's are useful for fundamental studies of CL reactions. The spectrum 
in Figure 2.13 shows that the maximum emission wavelength for the H2O2 induced 
oxidation of luminol under the described experimental conditions was ca 430 nm. 
2.4. F L O W C E L L DESIGN 
The flow cell is an essential component of an FI system and is usually accommodated within 
the detector housing. It transduces a property of the analyte {e.g. CL emission) to give a 
continuous signal which is monitored by the detector. An effectively designed flow cell 
allows maximal detection of the analytes property and is chemically inert. 
The most common design of flow cell used in spectrophotometric FI methods is the flow-
through cuvette. This design allows a beam of light to be directed through a narrow channel 
to measure the absorbance of the flowing liquid. The analyte concentration is calculated 
using Beer's Law (A = ebc, where A is the absorbance, e is the molar absorptivity, b is the 
path length and c is the analyte concentration). 
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An advantage of CL detection is that sensitivity can be increased as no source light is 
required and light scattering is minimal. A different design is therefore required to maximise 
the amount of detected light from a transient response. 
When coupled to an end-window PMT the flow cell efficiency ilincreased by: 
• optimising flow rate to retain emitting liquid in front of PMT end-window for optimal 
period, 
• positioning close to PMT end-window, 
• covering entire area of PMT end-window and 
• optimising volume for each specific reaction. 
The coiled glass flow cell (Figure 2.14) is most commonly used for FI-CL methods. The 
emitting liquid passes through 3-6 coils before emptying to waste. The coiled design 
guarantees efficient mixing of reagents and sample to produce high CL emission. 
Figure 2.14. Coiled Glass Flow Cell. 
Lamina flow cells (e.g. Figure 2.15) have also been designed specifically for low light 
detection of CL reactions [177 ] . A PTFE spacer disc with elliptical orifice is sandwiched 
between the aluminium body and glass plate. A stainless steel pressure plate holds all flow 
cell components in place. The length of the elliptical area is 40 mm with a maximum width 
of 15 mm. 
The emitting solution enters the elliptically shaped reaction zone from the bottom orifice, 
fills the entire volume (234 and leaves ft-om the top. 
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Figure 2.15. Lamina Flow Cell. 
The fountain cell, where solution enters via a central inlet and is directed normal to a flat 
optical surface, is only a recent development [178 ] . A schematic diagram of the flow cell is 
shown in Figure 2.16. The flow, described as fountain-like, radiates into the thin space 
between the optical surface and a parallel rear plate. The solution ultimately collects in the 
ring shaped well which is equi-distant fi-om the inlet before emptying to waste. 
E2D 
Emitted light 
Row in Flow out 
Figure 2.16. Fountain Cell. 
The cell has recently been applied to the determination of H2O2 by the luminol CL reaction 
and S IA[179] . 
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Elxperimental 
The lamina flow cell, described above, was originally designed for detection of an organic 
phase CL reaction and was investigated for its suitability to the luminol CL reaction. 
The flow cell was mounted in a suitable casing to allow light-tight connection to the PMT 
housing. A standard FI manifold was used (Figure 2.5) and the flow rate optimised to give 
the highest CL emission (all other variables were at levels given in Table 3.3). Standards 
over the range of 1 x lO^* to 8 x lO^* M HjO, were prepared and analysed. The calibration 
graph is presented in Figure 2.17. 
CL emission signals were not recorded for standards with concentration < 10"^  M H^Oj. 
The concentration range of HjO^ found in seawater is below this level (0-500 nM) and the 
lamina flow cell was therefore deemed unsuitable for this application. 
CL Emission (mV) 
40 
4000 6000 
[Hydrogen Pferadde] (nM) 
8000 10000 
Figure 2.17. Calibration Graph using the Lamina Flow Cell. 
The inefficiency of the flow cell was attributed to the build up of gas bubbles within the 
elliptical reaction zone. The presence of gas in this zone therefore reduced the amount of 
solution and thus the CL emission. Three aspects were thought to be involved: 
1. The oxidation of luminol in basic solution emits light and give three products; 3-
aminophthalate, water and molecular nitrogen, 
2. Flow of solution through the elliptical reaction zone was, in general, faster at the centre 
than at the edge. The slower passage at the edge allowed aggregation of the in situ 
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molecular nitrogen. These bubbles were observed at the edges formed by the aluminium 
body, PTFE spacer and glass window (Figure 2.18) and 
:x3 
2) 
Glass Window 
Aluminium 
Body 
Positioning of 
nitrogen gas aggregation 
PTFE spacer 
Figure 2.18. Positioning of Nitrogen Gas Aggregation within the Elliptical Reaction Zone of the 
Lamina Flow Cell (not to scale). 
3. The input and output holes, shown in Figure 2.15, were specifically designed to be small 
(ca 0.05 mm) to create turbulent flow within the elliptical reaction zone. This turbulence 
was intended to fully mix the reaction components and produce maximal CL emission. 
However, the holes were so small that they prevented the nitrogen bubbles from leaving 
the flow cell, thus resulting in further collection of produced gas. 
A coiled glass flow cell was also examined for suitability to the FI-CL method. The volume 
and diameter of the in-house constructed flow cell were 240 j i l and 15 mm respectively. The 
length of tubing between the T-piece and flow cell was kept to a minimum (25 mm) to 
allow the rapid luminol reaction to occur almost entirely within the coils of the flow cell. 
AJ^er careful optimisation of the flow rate and other analytical variables (see Section 3 .3.4) 
the coiled glass flow cell was chosen as the most efficient conveyer o f CL emission to the 
PMT. 
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2.5. CONCLUSIONS 
1. The best FI instrumentation for the determination of H^Oj by luminol CL include 
peristaltic pumps, 0.8 mm i.d. PTFE tubing and a six port rotary injection valve. 
2. Automation of the FI manifold gives increased system reproducibility and ease of use. 
3. A PMT based detector is more sensitive than a photodiode based detector (prototype). 
4. A luminol spectrum confirms that the maximum emitting wavelength for the luminol 
reaction was ca 430 nm. 
5. A coiled glass flow cell is more effective than a lamina flow cell for the determination of 
H2O2 by the luminol CL reaction. 
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Chapter 3 
A Flow Injection Procedure for the 
Determination of Hydrogen 
Peroxide 
3.1. INTRODUCTION 
This chapter describes the development of an FI method for the determination of HjO^ in 
ultra-pure water. The required linear range is 0-500 nM (reported ambient concentration 
range in seawater), the desired reproducibility and repeatability are both < 5 % RSD and the 
monitor must endure transportation to the research vessel and shipboard deployment. 
3.2. E X P E R I M E N T A L 
3.2.1. Reagents and Standards 
All solutions were prepared from ultra-pure de-ionised water supplied by a Milli-Q system 
(Millipore Corp.). Luminol, cobalt(n) nitrate hexahydrale and 30 %v/v R j O j were analytical 
grade and supplied by Fluka (Gillingham, Dorset). All other chemicals were reagent grade 
and supplied by Merck (Poole, Dorset). 
Luminol and cobaJt(n) reagent solutions were prepared in 0.1 M sodium carbonate 
(Na2C03) buffer to provide the basic conditions required for the CL reaction. 10.6 g of 
Na^COj was dissolved in ca 950 ml of H2O2 free Milli-Q water (see Section 3.3.2), the pH 
adjusted to 9.0-12.0 pH units by addition of 2 M HCl and the solution made up to one litre 
with H2O2 free Milli-Q water. 
Stock luminol solution (lO^^ M) was prepared by dissolving 0.0177 g of luminol in 100 ml 
of Na2C03 buffer. The solid required sonication (10 min) to enhance the rate of dissolution 
and the stock solution was stored in a polythene container in the refrigerator (4 °C) for up 
to 2 months. Stock cobalt(lI) solution (lO^- M) was similariy prepared; 0.0589 g of 
cobalt(II) nitrate hexahydrate was dissolved in 100 ml of Na^COj buffer. The same storage 
procedure was applied. 
Reagent working solutions were prepared by serial dilution with Na2C03 buffer. Dilute 
luminol solutions were found to be most active ca 24 h after preparation and were therefore 
freshly prepared the day before use. 
Every 3-4 months aliquots of freshly prepared H^O, stock solutions were acidified with 2 M 
HiSOj and titrated with standard potassium permanganate (see Section 1.3.1). This enabled 
accurate monitoring of the commercially supplied H jOj stock solution (30 %v/v). 
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Decomposition of refrigerated stock was insignificant (< 1 % per year). All standards were 
accurately prepared on the day o f analysis by serial dilution with Milli-Q water. 
3.2.2. Instrumentation X 
The individual components were described in Chapter 2 but the entire FI-CL system is 
shown in Figure 3.1. 
3.2.3. Standard Procedures 
The detection system, once powered, took 1-3 days to fijlly stabilise and give low dark 
current (measured at 0.16 nA by manufacturer) and dark voltage (< 1 mV) signals. The 
PMT and amplifier were not turned of f during the period of the development work 
discussed in this chapter. 
Passage of reagent solutions through the manifold required a stabilisation period. Initial 
mixing of reagents between the T-piece and the flow cell caused a high background CL 
signal which gradually reduced to a stable level (ca 1-5 mV). Reagent solutions were 
therefore pumped through the system for at least 30 minutes prior to analysis. 
Injection of a H202-containing sample or standard into the FI manifold resulted in a sharp 
and repeatable CL peak (super-imposed upon the background CL signal) which was 
monitored by a flat-bed chart recorder (BDl 11, Kipp and Zonen). The peaks were manually 
measured using a ruler. Each sample or standard injection was repeated four or five times to 
give mean results for the CL emission, the CL emission-to-noise ratio and the CL emission-
to-background ratio. 
The mean CL emission was calculated by entering peak height data into a computer 
spreadsheet (Lotus 1-2-3 for Windows). The mean (x') was defined as the sum of all the 
measurements divided by the number o f measurements: 
n 
Repeatability and reproducibility were calculated using the same spreadsheet. Repeatability 
is within-run precision and reproducibility is between-run precision [180 ] . Therefore, in this 
work, repeatability is the relative standard deviation (RSD) of a series o f repeat injections of 
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Figure 3.1. FI-CL Manifold for the Determination of H,0 
the same standard or sample and reproducibility is the RSD of pooled data fi-om replicate 
analyses of different batches o f standards or samples at different times {e.g. replicate 
analysis of five batches of separately prepared 100 nM H^O, standard). The RSD was 
calculated according to the follov^ng equation: "\ 
100 
RSD(%) = ^ 
x' V n-\ 
All other statistical analysis used in this thesis is defined and discussed in Section 4.2.4. 
The pump tubing and the PTFE connection tubing were rinsed well with Milli-Q water after 
each analysis period to avoid build up of residual matter. The pressure clips on each pump 
were released when not in use to allow the pump tubing to regain its original cylindrical 
structure and extend tubing lifetime. 
This research has involved a large amount o f reagent and sample preparation using serial 
dilution of stock solutions. High accuracy and precision of low volume (10-5000 liquid 
transfer was therefore of great importance for method validation. High precision adjustable 
micropipettes (Gilson Pipetman® Villiers le Bel); PI00 (10-100 ^1), PI000 (100-1000 ^ il) 
and P5000 (1000-5000 were used throughout to ensure reliable transfer. The following 
operational procedures were followed: 
• slow and smooth operation, 
• liquid aspirated with pipette held vertically (depth o f tip immersion kept constant and to 
a minimum), 
• tip pre-rinsed with liquid to be pipetted, 
• tip changed when volume setting changed or different liquid used, 
• when increasing the volume setting, adjustment dial first turned to 1/3 o f a turn above 
required setting then slowly decreased, making sure not to overshoot the mark and 
• liquid dispensed with tip at 10-40 degrees to the receiving vessel, button smoothly 
depressed to first stop then one second gap before pushing button to second stop. 
The pipettes were regularly re-calibrated in-house (every 2-4 months) and returned for 
professional re-calibration i f either the accuracy or the precision were outside required 
specifications (see Section 3.3.1). Data was obtained using a gravimetric method; Milli-Q 
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water was transferred to a clean, narrow mouthed (to minimise evaporation) container on 
an analytical balance and the mass recorded. This was repeated ten times for each volume 
using the same pipette and pipette tip. 
3.3. R E S U L T S AND DISCUSSION 
3.3.1. In-House Pipette Calibration 
Table 3.1 presents the result of a calibration for the Gilson adjustable pipettes. The 
manufacturer's specifications are also given. 
The results in Table 3 .1 were typical of other calibrations and the accuracy and precision of 
each pipette was generally satisfactory. Two pipettes were returned to the manufacturer for 
professional re-calibration during the course o f this research. 
3.3.2. Background C L 
A continuous background CL emission (the background) was generated as a result of 
mixing of the two reagent streams (Figure 3.2). This was typically of the order of 50-150 
mV and largely due to the presence of H jOj in purified waters such as Milli-Q. An elevated 
background such as this would seriously degrade the sensitivity of the technique. 
10 min later 
3mV 
Dark Current = 0 
4 min 
Figure 3.2. Backgnsund Emission and Background Noise. After a 10 min stabilisation period 
the background emission and background noise were recorded as 3.2 mV and 0.55 mV 
respectively. 
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Table 3.1. Pipette Specifications* and Experimental Values. 
SPECIFICATIONS EXPERIMENTAL VALUES 
MODEL VOLUME ACCURACY PRECISION ACCURACY PRECISION 
(Hi) 
ABSOLUTE RELATIVE ABSOLUTE RSD ABSOLUTE RELATIVE ABSOLUTE RSD 
(Hi) (%) S.D. (nh) {%). (%) SD (Hi-) (%) 
P100 20 ±0.35 ± 1.8 <0.10 0.50 -0.24 -1.2 0.08 0.40 
100 ±0.80 ±0 .8 <0.15 0.15 -0.40 -0.4 0.14 0.14 
P1000 200 ±3 .0 ±1 .5 <0.6 0.30 -2.1 -1.05 0.4 0.20 
1000 ±8 .0 ±0 .8 < 1.5 0.15 -6.2 -0.62 1.1 0.11 
P5000 2000 ± 1 2 ±1 .2 <5.0 0.25 -5.3 -0.27 3.9 0.20 
5000 ± 3 0 ±0 .6 <8.0 0.16 -13 -0.26 5.6 0.11 
These spociricattons are taken from manufacturer's literature and were obtained using a gravimetric method with the temperature of the distilled water, lips and all other conditions stat)ilised between 21 °C and 22 °C. 
The values given claim to Include all components of error due to the normal handwarming and changing of the tip. Repeatability was obtained by dispensing 30 measures with a single pipette and a single tip. 
Previous methods for low level H^Oj determinations have used catalase to provide H^O, 
free blanks [53, 181 ] but the catalase remains active in solution and is therefore unsuitable 
for preparing reagents. Manganese dioxide has also been used to scavenge H^Oj from 
source waters [50] using the following reaction: ^ 
N4nO, + Pl^O, + 2H+ ^ M n ^ + O, + 2H,0. 
Manganese dioxide is most readily available in a fine powder form but passing water 
through a gravity-fed column o f powdered Mn02 led to immediate clogging. Granular 
MnO, was used to provide H3O2 free water which did not clog [182 ] but the use of large, 
irregularly sized granules was avoided by adapting a procedure used for scavenging 
radionuclides from seawater [183 ] . Manganese dioxide was bound to Amberlite XAD-7 
polymeric beads (0.3-0.78 mm diameter; 20-50 mesh) by heating a solution of 0.5 M 
potassium permanganate (500 ml) to 70-80 °C, adding the beads (100-200 ml) and 
maintaining the temperature for 15 min. After cooling to room temperature, the beads were 
washed and packed into a gravity fed column (80 mm height, 10 mm diameter). The 
columns were equally effective for at least 30 days of regular use. All reagent solutions 
were prepared using K f i j scavenged Milli-Q water to reduce the continuous background 
emission from 50-150 mV to 1-5 mV (10-150 % reduction in background). 
Reagent solutions were degassed with helium before use to prevent the entrainment of air 
bubbles within the manifold. Background electronic noise was minimised to 0.5-5 mV 
(peak-to-peak) using high quality leads and a low noise PMT. 
3.3.3. S implex Opt imisa t ion 
Simplex optimisation is a multivariate optimisation technique which was first proposed by 
Spendly et al. to assist in the efficient running of an industrial process [184 ] . It works by 
locating the summit o f the respome surface defined by the system variables. The summit is 
assumed to be the optimal system conditions {e.g. conditions which give the highest signal-
to-noise ratio). The simplest system consists of just two critical variables (V, and Vj ) and 
lines of iso-response join to form the response surface, represented by a contour plot and 
shown in Figure 3.3a. A simplex is defined as a geometric figure which has n + 1 vertices 
when the response is being optimised with respect to // variables. Thus, the simple two 
variable system has 3 vertices and is represented by an equilateral triangle; the starting 
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conditions for the simple two variable system result in the triangle shown in Figure 3.3b. 
Point I has the worst response and the first rule of simplex optimisation slates that . 
"the new simplex is formed by rejecting the point witkhi the worst result in the 
preceding simplex and replacing it with its mirror image across the line defined by 
the remaining points " 
This rule is repeated until a result is reached on reflection that is worse than the previous 
one. The second rule is then applied: 
"reflect the point associated with the second worse response through the centroid of 
the other points to obtain a new simplex " 
This rule is usually applied near the simplex summit. Figure 3.3c shows the resulting simplex 
optimisation for the hypothetical two variable system; point 4 is the result o f the first 
application o f rule two and the optimum is at point 5. This is a simple fixed step size 
simplex procedure but modified methods have been developed to incorporate extra rules 
that allow the simplex to change shape and size, increasing the efficiency of the procedure 
[see 180, 185 -190]. 
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V2 
(a) 
Vi 
(b) 
V2 
Vi 
V2 
(c) 
V1 
Figure 3.3. Simplex Optimisation for a Two Variable System, (a) response surface; (b) initial 
vertex (starting conditions) and (c) complete fixed step size simplex optimisation procedure 
for a two variable system. 
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The variables affecting the performance of the FI-CL method for K , 0 . are typical of PI 
methods and are inter-dependant, i.e. the system reacts to an amalgam of variable 
modifications instead of each one independently. For example, in FI systems, the dispersion 
of sample within the manifold tubing in non-linearly proportidnal to sample loop volume, 
flow rate, tubing length and tubing diameter [63]. 
A modified simplex algorithm [191 ] written in BASIC was used to optimise the R,0 , 
method. The key variables for maximising the CL emission were considered to be the flow 
rate of the luminol and cobalt(IT) streams (kept equal to achieve good mixing at the T-
piece), the pH of both streams (kept equal to provide a homogeneous pH), the sample 
volume, the voltages applied to the PMT/amplifier and the luminol/cobalt(Il) 
concentrations. The starting conditions for the simplex were taken from a previously 
reported FI-CL manifold for K j O , determination [122]. The range, step size, precision and 
starting condition for each variable are shown by Table 3.2. The choice o f step size is of 
vital importance in attaining the best response; an excessive and unpractical number of 
experiments will have to be performed i f the step size is too small but a large value may 
result in missing the simplex summit. The precision is the smallest value or increment that 
can be measured. 
Table 3.2. Simplex Optimisation Information for the FI-CL Method. 
VARIABLE UNIT RANGE S T E P SIZE PRECISION STARTING 
CONDITION 
Flow rate ml/min 0.8-5.6 0.1 0.05 1.3 
pH - 9.0-12.0 0.2 0.01 10.0 
Sample 
volume 
ml 0.03-0.40 Variable Variable 0.03 
PMT 
voltage 
kV 0.9-1.2 0.05 0.025 Not stated 
Amplifier 
voltage 
V 10-15 0.5 0.25 Not used 
[Luminol] M 10-8-10-" Variable Variable 10-8 
[Cobalt(ll)] M 10-8-10-2 Variable Variable Not stated 
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Both CL emission and CL emission-to-background ratio were used as response surfaces 
during the optimisation procedures. The background was of key importance in the 
pursuance of a low detection limit (nM). Figure 3.4 shows the "simplex history for an initial 
optimisation using a 250 nM t i j O , standard. 
CL Emissiorvto-Background Ratio 
250 
200 
150 
Experiment Number 
100 
Figure 3.4. Simplex History for Initial Optimisation. 
The starting conditions resulted in a CL emission of 16.4 mV. After twelve experiments of 
the initial simplex the CL emission was increased to 195 mV; almost a twelve-fold 
improvement. The largest increases in CL emission-to-background ratio (between 
experiments 5/6 and 11/12) were the result of decreasing the luminol concentration. 
The simplex procedure was repeated for solutions of different H jOj concentration (5 x lO"^ 
to 5 X 10-' M ) and over the variable ranges given in Table 3.2. The optimal conditions are 
stated in Table 3.3. These conditions were applicable to all concentrations o^HjO^ "sed 
throughout this research (unless stated otherwise). 
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Table 3.3. Optimal Conditions for the Determination of HjOj by FI-CL. 
VARIABLE OPTIMUM 
Flow rate 2.1 ml min-1 
PH 10.8 
Sample volume 100 ^ il 
PMT voltage 1.1 kV 
Amplifier voltage 15 V 
[Luminol] 3 X 10-5 
[Cobalt(ll)] 5 X 10-4 
Univariate Optimisations 
Each of the variables was univariately optimised to investigate their effects on the method. 
The optimum conditions given in Table 3.3 were applied for all variables except the one to 
be examined. Different concentration R ,0 , standards were used. 
The optimal flow rate is showm by Figure 3.5. At flow rates less than than 2.1 ml min"' most 
of the CL emission occurred before it reached the coiled flow cell and the detector 
registered a low response. The slower the flow, the further away the maximal CL emission 
and the lower the detector response. Similarly, at flow rates faster than 2.1 ml min"' the 
sample zone giving maximal CL emission had already passed through the flow cell. There 
was a gradual increase in CL emission generated at flow rates between 3.5-5.6 ml min"'. 
This was attributed to an increased amount of turbulence within the flow cell which 
accentuated the CL emission. Flow rates above 3.5 ml min-' required excessive reagent 
volume and were therefore unpractical. 
The effect of pH on the CL emission is shown by Figure 3.6. The RjO, oxidation of luminol 
is highly pH specific. Several optimisations were performed before reaching an optimum of 
10.8. Previously reported optimal pH values are shown in Table 3.4. 
69 
All of the previous methods refer to H,02 induced oxidation of luminol. Such a wide range 
of optimum pH values (9.0-11.7) confirms the complexity of the luminol CL reaction and 
the need for individual method optimisation. 
The univariate optimisation of sample volume is shown in Figure 3.7. 
CL Emission (mV) 
850 
800 h 
750 
700 
650 
600 
550 
2 3 4 
Row Rate (ml/min) 
Figure 3.5. Univariate Optimisation of Flow Rate. 
CL Emission (mV) 
300 
200 
11.5 
Figure 3.6. Univariate Optimisation of pH. 
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Table 3.4. Reported Optimal pH for the Luminol Reaction. 
OPTIMAL p H CHEMISTRY R E F . 
9.0 determina t ion of HjOj 
h o r s e r a d i s h p e r o x i d a s e c a t a l y s t 
193 
10.25 determina t ion of HjO^ 
Co(ll) c a t a l y s t 
194 
10.5 determinat ion of H2O2 
p o t a s s i u m h e x a c y a n o f e r r a t e ( l l l ) c a t a l y s t 
121 
10.8 determinat ion of H2O2 
Co{ll) c a t a l y s t 
this work ; 195 
11.7 determinat ion of Co( l l ) . Cu(l l) 
H2O2 ox idant 
196 
CL Emission (mV) 
550 
250 
200 
0.2 0.4 0.6 
Sample Volume (ml) 
0.8 
Figure 3.7. Univariate Optimisation of Sample Volume. 
The highest CL emission corresponded to a sample volume o f 200 However, sample 
volumes >100 j i l resulted in double peak formation and poor repeatability (ca 5-16 % 
RSD). The formation of double peaks increased with increasing sample volume and was due 
to inefficient sample dispersion. The extent of dispersion is dependant on both FI manifold 
geometry (e.g. tubing lengths) and hydrodynamic aspects (e.g. flow rate) [63]. As the 
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sample zone was transported from injector to flow cell each end of the zone was subjected 
to convective and diffusional mixing processes with the luminol carrier stream. When the 
sample was small (< 100 j i l ) the sample zone was fully dispersed with the luminol carrier, 
but at larger volumes (> 100 pJ), only a certain portion of sample was fully dispersed with 
the luminol carrier. The undispersed sample zone, sandwiched between fully dispersed 
sample/luminol zones at each end, resulted in a transient decrease in CL emission as only a 
small amount o f luminol reagent was present. 
The difference in CL emission between the 100 and 200 | i l sample volumes was 60 mV (11 
% decrease with 100 \i\ sample volume) and the repeatabilities were 2.2 and 5.0 % RSD 
respectively. High repeatability values are indicative of greater random errors and the 
precision of the method was considered to be more important than increased CL emission. 
A sample volume of 100 \i\ was used for all work reported in this thesis unless stated 
otherwise. 
The voltages applied to the PMT and amplifier were the most important variables 
controlling the background emission. The effect of PMT voltage is shown in Figure 3 .8. 
The relationship was non-linear with the greatest variation in CL emission at higher PMT 
supply voltages (e.g. between 1200-1350 V). Increasing the supply voltage from 900 to 
1350 V resulted in a CL emission increase from 29 mV to 1360 mV. However, the 
background similarly increased and no optima were observed for CL emission-to-
background ratio. Each PMT from Thorn EMI is supplied with a test ticket which quotes 
various performance parameters including a value for the voltage for maximum overall 
sensitivity. Operating the PMT at a supply voltage above this value results in feedback 
effects. I f the feedback effects become significant they can result in unstable performance 
with elevated dark current and consequently lead to permanent damage. The voltage for 
maximum overall sensitivity for the PMT used in this work was quoted as 1100 V and was 
chosen as a suitable operating voltage to extend tube lifetime and provide an adequate CL 
emission-to-background ratio. 
A similar maximum voltage constraint was imposed on the amplifier power supply (15 V). 
Increasing the voltage did not affect the CL emission by more than 2 mV (Figure 3.9). 
However, at lower voltages high background emission persisted and the CL emission-to-
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background ratio increased with increasing applied voltage. The optimal voltage applied to 
the amplifier was chosen as 15 V. 
C L Emission (mV) and CL-to-Background Ratio 
1600 
1400 
1200 
1000 
800 
600 
400 
200 
0 
^—e—•> 
900 1000 1100 1200 
PMT Voltage (V) 
C L Emission CL-Background Ratio 
1300 1400 
Figure 3.8. Univariate Optimisation of Voltage Applied to PMT. 
C L Emission (mV) and CL-Background Ratio 
100 
13 14 
Amplifier Voltage (V) 
C L Emission CL-Background Ratio 
15 
Figure 3.9. Univariate Optimisation of Voltage Applied to Amplifier. 
High reagent concentrations also increased the background emission but attaining the 
highest CL emission was chosen as the most suitable response surface. Univariate 
73 
optimisations are shown in Figure 3.10. The optimal concentrations of luminol and 
cobalt(II) were 3 x 10^ 5 M and 5 x 10"'* M respectively. 
(a) 
C L Emission (mV) 
120 
2 3 
[Luminol] (x 10E-5 M) 
(b) 
C L Emission (mV) 
120 
4 6 
(Cobalt{ll)] (X 10E-4 M) 
10 
Figure 3.10. Univariate Optimisations of Reagent Concentration, 
(a) Luminol and (b) Cobalt(ll). 
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3.3.4. Calibration Data 
Seven standards and a blank were prepared over the range 0-500 nM and analysed by the 
optimised H^G^ method. Each standard was injected five times to calculate the repeatability 
(< 5 % ) . 
The results, shown in Table 3.5, were linear over the range 10-500 n M H^O, (/* = 0.9974) 
and described by the following regression equation (see Section 4.2.4 for discussion of 
correlation coefficient, r and regression analysis): 
CL Emission (mV) = 0.90 [HjO.] (nM) - 4.7 
Table 3.5. Calibration Data for Optimised F I - C L Method for H j O j . 
[HjOJ (nM) C L EMISSION (mV) RSD (%) (n = 5) 
0 16 4.7 
10 21 2.6 
25 25 2.1 
50 40 2.1 
75 55 1.8 
100 67 2.0 
250 215 1.0 
500 450 0.1 
The performance of the analytical system varied depending on the exact concentrations and 
pH's o f the reagent solutions and the laboratory temperature. The day-to-day variability was 
c£7 10 % but was not significant as t i , 0 , was quantified using a standard addition procedure 
(see Section 4.2.4). Injeaion o f H^O^-scavenged Milli-Q water did not significantly affect 
the background. 
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The practical limit of detection, defined as three times the peak-to-peak background noise, 
was 10 nM. Lower signals were recorded for standards of < 10 nM but ignored i f CL 
emission-to-noise was < 3. The background noise varied between 0.5-5 mV depending on 
system parameters {e.g. ambient temperature). 
Repeatability was in the range of 0.1-2.6 % for replicate sample injections (10-500 nM; n = 
5) and the reproducibility for the complete experimental procedure (including sample 
manipulation) was 3.8 % for the analysis of replicate samples of 100 nM H^O, (n = 5). 
Figure 3.11 shows a typical chart recorder output of FI peaks (120 nM RjOj standard). 
t = 0 min t = 5 min t = 20 min 
100 mV 
u u u u 
4 min 
Figure 3.11. Typical FI Peaks for the Determination of 120 nM H j O j . 
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Each peak is super-imposed on the background and the peak height (peak maximum to 
background) measured. The series of peaks demonstrate the stability o f the HJO^ standard 
over a 20 min period. 
\ 
3.4. CONCLUSIONS 
1. The FI-CL procedure is applicable to the determination of HjO, in Milli-Q water. 
2. The required linut of detection (10 nM) and linear range (10-500 nM) for the 
application of the method to the determination of H^O, in seawater are met. 
3. The repeatability (10-500 nM) and reproducibility (replicates of 100 nM) are 0.0-2.6 
% and 3.8 % respectively. 
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Chapter 4 
The Determination of Hydrogen 
Peroxide in Natural Waters 
4 .1 . I N T R O D U C T I O N 
The previous chapter described a procedure for the determination of H^O^ in Milli-Q water. 
The primary objective o f the work described in this chapter was the application and 
validation of this procedure for the determination of RjO, in riverine, estuarine and seawater 
matrices. 
Seawater, as described in Section 1.2.1, is a high ionic strength matrix and requires 
specialised analytical methodologies which are not significantly affected by its major and 
minor components. A systematic approach was therefore taken, where intermediate 
matrices between Milli-Q and seawater were examined for suitability to the developed FI-
CL method. The obvious natural water intermediates were riverine and estuarine waters. 
The physico-chemical properties of natural waters are discussed and matrix effects 
investigated. The remote deployment capability of the instrumentation was also assessed. 
4 .2 . E X P E R I M E N T A L 
4.2.1. Reagents and standards 
All solutions were prepared from ultra-pure de-ionised water supplied by a Milli-Q system 
(Millipore Corp.). Luminol, cobalt(n) nitrate hexahydrate and 30 %v/v H2O2 were analytical 
grade and supplied by Fluka (Gillingham, Dorset). All other chemicals were reagent grade 
and supplied by Merck (Poole, Dorset). 
Luminol and cobalt(II) reagent solutions were prepared in accordance with Section 3.2.1. 
Synthetic Matrix Experiments 
A series of experiments were conducted to examine the effect of the matrix on CL emission 
of the luminol-HjOj-CoCII) system. 
The effect of NaCI on CL emission was investigated by preparing NaCI working solutions 
over and above the estuarine salinity range. Known masses of NaCI (1.0, 2.0, 3.0 and 4.0 g 
respectively) were quantitatively dissolved in exactly 100 mi of Milli-Q water. AJiquots of 
each NaCI solution were taken (10 ml) and a spike of H^Oj added to give a resulting 
concentration of 20-60 nM. Milli-Q water blanks of 0-60 nM H^Oj were also prepared. 
Matrix blanks {i.e. 0 nM H^Oj) were analysed together with treated solutions by the FI-CL 
method and statistically examined for significant deviation from the CL emission o f Milli-Q 
water blanks. 
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Similar procedures were used to examine the effect of SO/", M g ^ and Ca^ on the FI-CL 
method. Working solutions were prepared according to Table 4.1. The required calculated 
mass was dissolved in exactly 100 ml of Milli-Q water. 
Table 4.1. Chemical Data for Matrix Experiments. 
SOURCE 
CHEMICAL 
RMM % SPECIES 
O F 
INTEREST 
[SEAWATER]* 
g kg-' 
MASS 
REQUIRED 
(g) 
anhydrous Na2S04 142.04 67.6 % S0 ,2- 2.712 1.83 
Mg(N03)2.6H20 256.41 9.48 % Mg2* 1.29 0.122 
Ca{N03)2.4H20 236.15 17.0 %Ca2* 0.4121 0.0701 
From reference [5]. 
All synthetic matrix experiment solutions were prepared on the day of analysis to reduce the 
efifect o f evaporation on solution concentration. 
The effect of pH was also investigated by adding 20-100 j j j spikes of 0.5 M HCI or 0.5 M 
NaOH to 10 ml aliquots of a 100 nM H^O, standard (prepared in Mill i-Q water). Eight 
samples of varying pH (4.06-10.92) were prepared (inclusive of blank). 
4.2.2. Instrumentation 
The FI-CL system shown in Figure 3.1 was used throughout this chapter. The same 
operating procedures as described in Chapter 3 were applied. 
4.2.3. Sample Collection 
Riverine Samples 
River water sampling sites were chosen to supply a range of water types without the need 
for great distances from the base laboratory (University of Plymouth) to be covered. Two of 
the rivers descend from Dartmoor (Plym and Tavy), three from Bodmin Moor (Inny, 
Lynher and Tiddy) and all five flow into the Tamar (the Inny-Tamar confluence is up-river 
of the Tamar sampling station). 
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Samples were collected from easily accessible road bridges using the sampling device shown 
in Figure 4.1. An amber, 2.5 I glass bottle (acid-washed and well rinsed) was secured 
(around the neck and base) to the stainless steel frame. A butterfly screw held the neck-
piece in place. The device was lowered from the bridge via the black draw-rope until the 
neck of the bottle was 0.5 m below the surface (depth marked by thin strip of waterproof 
tape wound around both ropes at 0.5 m above bottle top). The yellow draw-rope was then 
used to support the device, thus opening the PTFE bung and allowing the bottle to fill . 
Once half frill the black draw-rope was used to raise the device back to the bridge. The 
sampled water was used to rinse the bottle and discarded. The rinsing procedure was 
repeated three times before collecting the sample. One litre amber glass bottles (also acid-
washed and well rinsed) were used for storage. The entire rinse and sample procedure took 
5-10 minutes depending on the height of the bridge. 
Figure 4.1. Sampling Device. 
On return to the laboratory all samples were suction filtered through separate 0.7 }im ashed 
glass fibre filters and stored in a refi-igerator (4 ^C). 
Esfuarine Samples 
The choice of estuary for collection of esiuarine samples was determined by the following 
requirements: 
• a suitable research vessel to allow collection of samples from the centre of the estuary, 
• an entire salinity range from river to seawater "end members", and 
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• close to base laboratory. 
The most suitable estuary was judged to be the Tamar (Figure 4.2) which was fully 
navigable by flat-bottomed craft at high tide from Plymouth Sound (seawater end-member) 
to Calstock (river end-member) and was the closest navigable estuary to Plymouth. 
Sampling was carried out from the bow o f Tamaris (13 m length), part o f Plymouth 
Marine Laboratory's "research fleet". The sample collection and storage procedures 
previously described for river waters were repeated for Tamar estuary samples. 
SeoM^ater Sample 
A representative sample o f seawater was required for matrix experiments and re-
optimisation of the analytical system. A local sample was deemed sufficient. Surface 
seawater (ca 1 m depth) was collected from another PML vessel; RV. Squilla (20 m 
length). A large glass carboy was used to collect 30-40 1 of seawater from the English 
Channel {ca 15 km south of Plymouth at the Eddystone Rocks). On return to the laboratory 
a 10 1 sub-sample was filtered (0.7 ^im) and transferred to a high density polythene 
container and stored in the dark. 
4,2.4. Procedures 
All procedures described in Chapter 3 were used unless otherwise stated. 
Hydrogen peroxide was quantified using a standard addition procedure (fully described 
elsewhere [180]). Three or four 10 ml aliquots of sample were transferred to clean 50 ml 
amber bottles. The remaining sample of unknown concentration (sample blank) was 
analysed immediately. Each sub-sample was spiked with a small volume (20-100 [ i l ) of H2O2 
standard (variable concentration) to give a resulting concentration o f 20-1000 nM (not 
including sample concentration). The order of addition was random and the spiked sample 
was mixed and analysed immediately. Al l CL emission data was recorded and entered into a 
spreadsheet (Lotus 1-2-3 for Windows) specifically designed for calculation o f linear 
regression, sample concentration (by standard addition method) and gradient, intercept and 
concentration errors. A representation o f the spreadsheet is shown in Figure 4.3. Once the x 
and y data (concentration of spike and CL emission respectively) and the /-test value from 
statistical tables [197] were entered, all other data was instantaneously calculated. The 
entered data is shown in bold type to distinguish it from calculated data. 
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C A L S T O C 
HALTON QUAY 
RIVER TAVY 
RIVER LYNHER 
SALTASH 
GUNNISLAKE 
WESTON MILL LAKE 
TORPOINT 
ST. JOHN'S LAKE 
PLYMOUTH 
PLYMOUTH 
SOUND 
Figure 4.2. The Tamar Estuary (distance from Gunnislake weir marked in km). 
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00 
1>J 
x y x-x' (X-X')2 y-y' (y-yy (x-x') (>'.y') x2 y* y-y* (y.y*)2 
0 21 -45 2025 -50.75 2575.563 2283.75 0 22.4 -1.4 1.96 
30 58 -15 225 -13.75 189.0625 206.25 900 55.3 2.7 7.29 
60 87 15 225 15.25 232.5625 228.75 3600 88.2 -1.2 1.44 
90 121 45 2025 49.25 2425.563 2216.25 8100 121.1 -0.1 0.01 
180 287 4500 5422.75 4935 12600 10.7 
No.(x,y) 4 Gradient (/;;) 1.096667 S(y/x) 2.313007 
Mean x (x') 45 Intercept(c) 22.4 S(/;;) 0.03448 
Mean y (y') 71.75 r 0.999013 S(c) 1.9352 
S(x extr.) 2.311607 
/-test value (//-2) 4.3027 
Confidence Intervals: 
Gradient(m) 1.1 ± 0.15 
Intercept(c) 22.4 ± 8.33 
Cone. 20.43 ± 9.95 
Figure 4.3. Representation of Spreadsheet used to Calculate Linear Regression. Analyte Concentration and Gradient, Intercept and Concentration Errors. 
The linear regression is based upon the notation; y = /nx + c, where m was the gradient of 
the line and c the y-axis intercept. The line o f regression was y on x zs the x values were 
chosen and all errors were assumed to be the y-direction. The equations used to calculate 
the statistics are shown in Table 4.2. 
Table 4.2. Equations used to Calculate Data in Figure 4.3. 
NOTATION DESCRIPTION EQUATION 
m 
S(y/x) 
S(m) 
S(c) 
S(x extr.) 
mean of x 
mean of y 
gradient of best fit line 
y-axis intercept of best fit 
line 
calculated y value 
correlation coefficient 
y-axis residuals statistic 
standard deviation of the 
gradient 
standard deviation of the 
y-axis intercept 
standard deviation of the 
extrapolated x-value 
iy . 
/=7 
n 
I{(x.-x')(y,-y)} 
i(x.-x')^ 
y '-/77x' 
mxi + c 
i=I 
i=i 
i=i 
n-2 
S{y/x) 
ji(x.-x')= 
V i-i 
ix? 
S(y/x) 
m 1 m >\2 m^I(x,-x') 
n = number of data points. 
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The /-distribution and /-test are normally used for testing hypotheses and finding confidence 
intervals for means, given a small sample set from normal population distributions [180] and 
were therefore applicable to the statistical requirements or-this work. The correlation 
coefficient (r) was statistically tested by calculating a /-value using another Lotus 1-2-3 for 
Windows spreadsheet and the following equation: 
. _ M V ( n - 2 ) 
The calculated value of / was compared with the tabulated value [197] at the appropriate 
number of degrees of fi-eedom (n-2) and chosen confidence level (95 % ) . The null 
hypothesis was that there was correlation between x and y. I f the value of / was greater than 
the tabulated value, the null hypothesis was accepted; i.e. significant correlation exists. 
All statistical tests used in this thesis are based on the 95 % confidence interval. 
4,2.5. Ancillary Measurements 
A number of physico-chemical parameters characterise natural water samples and selections 
of these measurements were recorded for basic comparison of both the riverine and 
estuarine samples. The most fundamental parameters are pH, temperature, conductivity, 
dissolved oxygen, salinity and turbidity. 
River Waters 
A portable Checkmate field system (Mettler) was used for on-site measurement of pH, 
conductivity and dissolved oxygen. The hand-held unit comprised of three separate, inter-
changeable sensors and a core module with temperature compensation and LCD display. 
The reported range, resolution and accuracy of each sensor is shown in Table 4.3. 
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Table 4.3. Technical Specifications of Checkmate Field System. 
SENSOR RANGE/S v-;: RESOLUTION ACCURACY 
temperature -0 .5-100 oC 0.1 °C X ± 0.5 % 
pH 0-14 0.01 ± 0.01 % 
conductivity 0.00-19 .99 ^ 8 0.01 nS ± 0.5 % 
20 .00-199.9 ^iS 0.1 H S ± 0.5 % 
200-1999 ^ 8 1 ^iS ± 0.5 % 
2 .00-19 .99 m S 0.01 m S ± 0.5 % 
dissolved oxygen 0-200 % 1 % ± 1.0 % 
Estnarine Waters 
A self logging environmental package (Water Logger, DMP Electronics Ltd., Camelford, 
Cornwall) was used to display real-time data for salinity, temperature, pH, turbidity and 
dissolved oxygen while onboard R. V. Tamaris. An Autolab Precision Salinometer (Model 
601 Mk. I l l ) was used to provide more accurate laboratory based salinity measurements. 
Clear glass bottles were used to collect samples (filled to the top to prevent evaporation) 
specifically for salinity. The determination was based on the conductance ratio of the sample 
with Standard Seawater (34.994 PSU). Standard Seawater is used globally to standardise 
salinity determinations and supplied by Ocean Scientific International in Wormley, Surrey. 
Salinity was obtained from the conductivity ratio and temperature using tables contained in 
Practical Salinity Scale (PSS78) [198 ] . 
Organic Content 
Hydrogen peroxide is photochemically generated from the action of light on certain 
dissolved organic chromophores (Section 1.2.3). Thus, a measure of organic material 
present in the sample provides, among others, an opportunity to assess the correlation with 
HjOj concentration. This is discussed in more detail in Chapters 5 and 6. 
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Two methods were used to measure organic content of the natural waters: 
1. UVabsorbance 
A diode array spectrophotometer (Hewlett Packard, 8451 A) was used to estimate the 
organic content of natural water samples. The sample was transferred to quartz glass 
cuvettes for absorption measurement (190-350 nm). The absorption at 300 nm was used to 
estimate the concentration of organic matter [199 ] . These simple and rapid measurements 
were found to correlate well with the quantitative method described below (see Figure 4.7). 
2. High temperature catalytic oxidation (HTCO) 
Natural water organic matter is operationally defined into three fi-actions; 
• organic matter retained on a 0.45 \im membrane filter - particulate organic carbon 
(POC), 
• organic matter which passes through a 0.45 ^im membrane filter - dissolved organic 
carbon (DOC), and 
• volatile (gaseous) organic matter - volatile organic carbon (VOC). 
DOC is by far the largest pool o f organic carbon in the oceans and incorporates the species 
responsible for the photochemical generation of H^Oj. Several methods exist for the 
determination of DOC in natural waters (see [200] and [201 ]) . Many of the methods 
involve the conversion of DOC to carbon dioxide by either wet oxidation with 
peroxodisulfate and/or UV photo-oxidation (e.g. [202 -205 ]) . The most efficient oxidation 
process (highest CO, yield) is presently judged to be methods based on high temperature 
catalytic oxidation (HTCO) [200, 206 , 207 ] . 
An HTCO method was used to provide all DOC data reported in this thesis (analyses 
performed by A. Miller, Plymouth Marine Laboratory). The method is described in detail 
elsewhere [208 , 209 ] . 
A TOC-5000 Total Organic Carbon (TOC) Analyser (Shimadzu Corp.) was used with a 0.5 
% Pt/Al^Oj catalyst (Shimadzu Corp.) for DOC oxidation. The resulting carbon dioxide was 
detected by a non-dispersive IR gas analyser (Licor 6252, Glen Spectra). 
DOC measurements were only obtained for the river samples but UV absorbance 
measurements were obtained for both riverine and estuarine samples. 
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4.3, R E S U L T S A N D D I S C U S S I O N 
4.3.1. River Matr ix 
The major elemental composition of rivers entering the principal oceans is given in Table 
4.4, together with that of seawater. The most important difference is that river water is 
dominated by calcium and bicarbonate, whereas in seawater sodium and chloride are the 
principal dissolved components. River water composition is mainly determined by the 
catchment geology, e.g. surface water draining fi-om sedimentary rocks contain greater 
quantities of Ca^, M g ^ , SO^ -^ and HCOj" than surface water draining from crystalline 
rocks. Another important consideration is that the composition o f river waters are highly 
variable in comparison with seawater. 
Table 4.4. A Comparison of the Major Compositions of Seawater and Rivers Draining into 
the World's Oceans (5J. All units are mg 
ELEMENT ATLANTIC 
OCEAN 
INDIAN 
OCEAN 
PACIFIC 
OCEAN 
WORLD 
MEAN 
RIVER 
WATER 
WORLD 
MEAN S E A 
WATER 
Na* 4.2 8.5 5.2 5.3 10733 
K* 1.4 2.5 1.2 1.5 399 
C a 2 + 10.5 21.6 13.9 13.3 412 
2.5 5.4 3.6 3.1 1294 
c i - 5.7 6.8 5.1 6.0 19344 
SO ,2- 7.7 7.9 9.2 8.7 2712 
HCO3- 37 94.9 55.4 51.7 142 
9.9 14.7 11.7 10.7 n/a 
TDS* 78.9 154.9 105.3 101.6 n/a 
JDS = Total Dissolved Solids. 
River samples were collected to examine the effect of the river matrix on the CL emission 
and to quantify HX>2 "ver water by the standard addition method. Two sets o f river 
samples were collected. River Samples #1 (RS#1) and River Samples #2 (RS#2); the 
sampling log for both RS#1 and RS#2 is shown in Table 4.5. 
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Table 4.5. River Water Sampling log. 
PLYM TAVY : ^ , . TAMAR INNY LYNHER TIDDY 
Grid Ref. 524587 , Grid Rer 478679 Grid Ref. 421725 Grid Ref. 339771 . . Grid Ref. 385609 Grid Ref. 347595 
DATE 22-7-92 9-9-92 22-7-92 9-9-92 22-7-92 9-9-92 22-7-92 9-9-92 22-7-92 9-9-92 22-7-92 9-9-92 
TIME 0925 1020 1000 1050 1030 1125 1110 1205 1155 1250 1220 1310 
WEATHER sunny overcast sunny, 
some 
cloud 
overcast sunny, 
some 
cloud 
overcast cloudy overcast sunny, 
some 
cloud 
overcast 
but bright 
sunny overcast 
but bright 
APPEARANCE V . brown V . brown V . brown, 
frothy 
V . brown brown V . brown clear clear clear clear Clear clear 
UV ABS. AT 
300 nm (abs. 
units) 
0.0914 0.0421 0.1927 0.0482 0.1390 0.1013 0.0842 0.0416 0.0886 0.0398 0.0890 0.0265 
IDOCI (^M) n/a 184 n/a 184 n/a 402 n/a 178 n/a 164 n/a 125 
PH n/a 6.77 n/a 6.59 n/a 6.99 n/a 7.33 n/a 7.40 n/a 7.65 
Conductivity 
(MS) 
n/a 124.2 n/a 120.8 n/a 184.1 n/a 180.6 n/a 158.2 n/a 246 
Dissolved 
Oxygen (%) 
n/a 87.0 n/a 83.2 n/a 66.0 n/a 65.6 n/a 65.8 n/a 68.2 
n/a = data not available (not measured) 
RS#1 were collected during fine weather in July but overcast conditions prevailed for 
collection of RS#2 in September. The brown colouration of the Dartmoor dominated waters 
(Plym and Tavy) was caused by high levels of dissolved and/or suspended peat-rich soil 
particles. This macro-molecular phenolic material is often termed "humic" and "fiilvic". 
Humic and ftilvic substances are a group o f refractive organic compounds formed in soil, 
water and sediment by the decay of plants and dead organisms (210 ] . Both these groups of 
compounds contain lignin (a phenolic polymer unique to vascular plants) and are largely 
terrestrially derived (allochthonous). They differ in the extent to which they have 
biodegraded in the soil, ftilvic material being more oxidised than humic material [5]. These 
compounds are thought to be the active organic chromophores responsiblefor initiating a 
host of photochemical reactions in aquatic chemistry including the photo-generation of H3O2 
in seawater [22]. 
All six river samples were collected and transported to the laboratory within 3.5 hrs for 
RjO^ determination by the standard addition method (see Section 4.2.4). 
The resulting CL emission values for RS#1 were low (<5 mV above background CL 
emission o f I mV) and undetectable for RS#2 (CL emission-to-background noise < 3). The 
difference between RS#1 and RS#2 is attributed to the weather conditions (sunny and 
overcast, respectively). The standard addition calibration curves for RS#1 are shown in 
Figure 4.4 and calibration data in Table 4.6. 
CL Emission (mV) 
120 
100 
Plym 
20 40 60 
[Hydrogen Peroxide) (nM) 
Tavy Tamar Inny Lynher 
80 
Tiddy 
100 
Figure 4.4. Standard Addition Calibration Curves for Local River Waters (RS#1). 
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Table 4 . 6 . Calibration Data for Local River Waters (RS#1). 
R IVER GRADIENT OF 
B E S T FIT LINE 
y- INTERGEPT 
O F B E S T FIT 
LINE 
CORRELATION 
C O E F F I C I E N T 
CALCULATED 
[HjOJ^hM) 
Plym 0.549 5.82 0.9995 11 
Tavy 1.13 2.08 0.9988 1.8 
Tamar 0.736 2.88 0.9984 3.9 
Inny 0.343 1.62 0.9983 4.7 
Lynher 0.934 0.420 0.9992 0.45 
Tiddy 0.912 0.00 0.9972 0.0 
Significant correlation was found to exist for all six river waters calibrations (calculated /-
values > tabulated values). The calculated concentrations ofHfi^ in the river samples were 
very low (< 11 nM). These values, although indicating excellent detection limits (i.e. 
practical limit of detection o f 0.45 nM H^O^), are less consequential than the wide range of 
gradients encountered. The different matrices were imposing varying degrees of effect. The 
greatest standard addition gradient was the Tavy matrix (1.13) and the Inny matrix the 
lowest (0.343). None of the ancillary measurement data (RS#1 or RS#2) gave statistically 
significant correlation with the gradient data from RS#1. The best correlation was with UV 
absorbance measurements (r = 0.364) but was not statistically significant (at the 95 % 
confidence interval). 
The use of UV spectrophotometric methods for determination o f organic species in 
untreated natural waters is inefficient as many unsaturated compounds absorb in this region, 
e.g. nitrates between 200-230 nm [211 ] . However, several workers have used direct UV 
methods for estimation of different organic fractions in a variety o f matrices (e.g. Table 
4.7). 
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Table 4.7. Examples of Direct UV Spectrophotometric Methods. 
WAVELENGTH (nm) ^^^ ^^  A R E F E R E N C E 
220 sea DOM 212 
220 lake DOM 213 
254 polluted river DOM 214 
260 lake DOM 215 
205-330 wastewater DOC 216 
225/250/275/350 sea and river DOM 217 
DOM = dissolved organic matter; DOO = dissolved organic carbon. 
The UV absorption spectra for the sampled river waters (RS#2) are shown in Figure 4.5. 
Each spectra is dominated by a sharp peak at ca 200 nm due to intense UV absorption of 
nitrate. Rivers descending from Dartmoor {e.g. Tavy and Tamar) gave higher absorption at 
300 nm than other river samples and were assumed to contain higher organic loadings than 
the Other rivers. 
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Absorbance Units 
2.5 
200 
(a) 
250 
Plym Tavy 
Wavelength (nm) 
Tamar Inny 
300 
Tiddy Lynher 
350 
Absorbance Units 
0.3 
(b) 
Plym Tavy 
300 
Wavelength (nm) 
Tamar Inny 
320 
Tiddy Lynher 
Figure 4.5. UV Absorbance Spectra of Local Rivers (RS#1). 
(a) 190-350 nm and (b) 280-320 nm. 
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Results from the determination o f DOC in RS#2 also show high responses for the Dartmoor 
descending rivers (Table 4.5). 
The Tamar, with a concentration of 402 | i M , was the highest DOC containing river. The 
high DOC concentration and LTV absorbance measurement "bf the Tamar sample were 
attributed to the size of the river's catchment area (1690 km^) which was the largest o f all 
the rivers, thus allowing more organic material to be transported. 
A typical DOC calibration graph validating the linearity o f the HTCO method is shown in 
Figure 4.6. The equation o f the regression line and correlation coefficient were calculated 
as: 
Signal (peak height, mm) = 0.16 [DOC] (pM) + 4.24 (r = 0.9996) 
Peak Height (mm) 
140 
120 -
100 -
20 h 
400 
P O C ] (uM) 
600 800 
Figure 4.6. DOC Calibration Graph (supplied by A. Miller, Plymouth Marine Laboratory). 
The relationship between DOC and UV absorbance measurements (RS#2) is shown in 
Figure 4.7. 
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UV Absorbance at 300 nm (abs. units) 
0.12 
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[DOC] (uM) 
Figure 4.7. Relationship Between [DOC] and UV Absoitance Measurements for Local River 
Waters. 
A statistically verified relationship between DOC and UV absorbance measurements was 
found for the river samples. The equation of the regression line and correlation coefficient 
were calculated to give: 
UV Absorbance (abs. units) = 0.000264 [DOC] (^M) - 0.00465 (r = 0.9961) 
4.3.2. Estuarine Matrix 
Estuaries are zones in which seawater is mixed with, and diluted by, river water. They are 
complex environments in which the composition is extremely variable in both space and 
time. Estuarine waters are therefore well suited to the examination of natural water matrix 
effects on the described FI-CL method. 
Two sampling surveys were made to collect two sets of estuarine samples; Tamar Samples 
#1 (TS#1) and Tamar Samples #2 (TS#2). The objective of the first survey was to examine 
the remote deployment capability of the FI-CL method, whilst the intention of the second 
survey was to collect samples for matrix effect experiments. The sampling logs for each 
survey are shown in Tables 4.8 and 4.9. 
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Table 4.8. Sampling Log of Tamar Survey TS#1 (3-3-93). 
SAMPLE 
ORDER 
DISTANCE FROM 
GUNNISLAKE 
(km) 
GRib.REF. 
:: (SX;.) y 
SALINITY 
(psu)?: 
TIME 
(hrs) 
. T(oC) pH D0(% 
saturation) 
Turbidity 
(NTU) 
Conductivity 
(MS) 
H,0, measured 
in situ ? 
1 31.0 457530 29.92 0914 6.73 7.76 89.4 0 30430 • 
2 21.5 441613 25.34 1009 6.27 7.76 90.2 0 25880 
3 13.0 413654 12.22 1102 5.27 7.69 92.3 0 12870 • 
4 5.0 446697 0.0 1149 4.20 7.35 94.9 0 93 X 
5 8.0 437683 2.66 1330 4.45 7.33 93.5 4 128 • 
6 17.0 430650 19.27 1410 6.37 7.75 91.5 0 20150 • 
7 21.4 441617 27.43 1436 7.21 7.80 90.6 0 28300 X 
Table 4.9. Sampling Log of Tamar Survey TS#2 (8-11-93). 
SAMPLE ORDER DISTANCE FROM 
GUNNISLAKE (km) 
GRID REF. (SX. ) TIME 
(hrs) 
LOGGER 
; SALINITY (PSU); 
AUTOSAL 
SALINITY (PSU) 
UV ABSORBANCE AT 
300 nm (abs. units) 
TURBIDITY (NTU) 
1 33.0 470520 0852 33.04 34.091 0.0102 0.0 
2 29.2 444549 0911 29.56 30.674 0.0099 0.0 
3 19.9 437627 0949 25.01 26.095 0.0189 0.0 
4 17.7 431649 0958 19.34 19.933 0.0210 0.0 
5 15.0 415643 1008 15.13 15.480 0.0374 0.0 
6 9.0 426687 1024 9.62 9.762 0.0745 0.0 
7 8.2 433687 1041 4.94 5.158 0.0718 80 
8 3 444693 1107 0.00 0.000 0.0519 4.0 
The FI-CL method performed well onboard R. V. Tamaris but in-situ quantification o f H^Oj 
was not possible due to low light levels. CL emission-to-background noise was < 3 for all 
five samples collected for immediate analysis. A 100 nM H3O2 standard was prepared and 
analysed onboard (mean CL emission = 92 mV; RSD = 1.74X%; n = 8). No operational 
difficulties were encountered during the deployment. 
A salinity profile of TS#1 physico-chemical parameters is shovm in Figure 4.8. 
T (oC). pH and DO sat. (mg/I) 
14 
10 20 
Conductivity (mS) 
35 
25 
T(oC) pH 
15 
Salinity (PSU) 
DO Sat (mg/i) Conductivity (mS) 
30 
Figure 4.8. Estuarine Profile of Physico-Chemlcal Parameters. 
This data was typical of estuarine profiles, i.e.. 
• temperature of seawater higher than river water, 
o pH of seawater higher than river water, 
• dissolved oxygen saturation of river water higher than seawater and 
• conductivity of seawater higher then river water. 
The relationship of each of the measured parameters was conservative and the sampling 
procedure was considered to be valid. 
Ultra-violet absorption spectra o f TS#2 are shown in Figure 4.9. The highest absorption 
signals were obtained for the river dominated samples with a general decrease towards the 
seawater dominated samples. This is indicative of the allochthonous source of D O M which 
is diluted by the increasing volume of water dovmstream. 
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Absorbance Units 
2.5 
200 
34.09 30.67 
250 
Wavelength (nm) 
26.10 19.93 15.48 
300 350 
9.76 5.16 0.00 
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(b) 
Absorbance Units 
0.1 
0.08 
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0.04 h 
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Figure 4.9. UV Absorbance Spectra for Tamar Estuary Samples. The legends apply to the 
salinity of each sample, (a) 190-350 nm and (b) 280-320 nm. 
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The estuarine matrix effect was investigated by the standard addition method. Milli-Q water 
was used as a sample blank and the results are shown in Figure 4.10. These experiments 
were carried out using higher, pre-simplex optimised, reagent concentrations and the 
responses are therefore non-linear. 
CL Emission (mV) 
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Figure 4.10. Typical Standard Addition Calibrations for Estuarine (TS#2) and Milli-Q Waters. 
Hydrogen peroxide was not detected in any of the estuarine samples (CL emission-to-
background ratio < 3). The seawater end-member (34.1 PSU) gave a higher CL emission 
than Milli-Q water whilst a river dominated sample (5.16 PSU), gave the lowest emission. 
River water, as shown by UV absorbance data, is characterised by a significantly higher 
concentration of organic matter than seawater. The reduced CL emission in river water can 
be explained by the rapid partial removal of the added HjOj spike on reaction with the 
organic matter. Other CL emission quenching effects were possibly occurring. 
The enhanced CL emission for seawater is more difficult to explain. The seawater end-
member CL emission was over three times higher than the Milli-Q after addition o f 800 nM 
HjOj. Possible explanations are discussed in Section 4.3.4. 
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4.3.3. Seawater Matr ix 
A potential difficulty with the FI-CL method for H^Oj detection in seawater is the fact that 
seawater is buffered at pH ca 8.2 but the analytical method is optimal at pH 10.8. At such 
high pH precipitation of calcium and magnesium cations as theirhydroxides normally occurs 
but was not experienced within the FI manifold due to high flow rates used and the 
dispersion of the seawater sample. A protocol of daily flushing with 0.5 M HCl was 
however established as a precautionary measure. 
The method was re-optimised for H^O, standards prepared in English Channel surface 
seawater. The simplex optimisation of the determination of H2O2 in seawater resulted in the 
same system conditions as described in Section 3.3. These conditions were valid for H^O^ 
concentrations up to 1000 nM in both Mill i-Q and seawater (linear range 0-500 nM). The 
practical LOD in the seawater matrix was 5 nM HjOj (signal-to-noise ratio > 3). 
Calibration graphs for both H j O j and Milli-Q are shown in Figure 4.11. 
CL Emission (mV) 
1000 
800 
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400 h 
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100 200 300 
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400 500 
Figure 4.11. Calibration Graphs for Hydrogen Peroxide Standards 
Prepared In Millt-Q and Seawater. 
The results were described by the following linear regression equations and correlation 
coefficients: 
CL emission (mV) = 0.877 [H^OJ^^,,.^ (nM) + 1.71 (r = 0.9963) 
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CL emission (mV) = 1.80 [ H ^ O , ] ^ ^ (nM) + 6.20 (r = 0.9990) 
The seawater enhancement of CL emission, in comparison with Milli-Q water, was 
repeatedly observed. The following section discusses the seawater matrix effect in greater 
detail. ^\ 
4.3.4. Matr ix EfTects 
The seawater enhancement effect, although statistically significant (Figure 4.11), did not 
affect the quantification of H^Oj as a standard addition procedure was used. However, the 
causative effect/s were of great interest in further understanding the mechanism of the 
luminol-H^Oj-CoCn) CL reaction in seawater. 
Three causative effects were investigated: 
• enhancement of Co(II)-catalysis by trace metals in seawater sample, 
• major seawater species (listed below) and 
• seawater pH. 
Effect of Trace Metals 
Trace metals (< parts per million) in the seawater matrix were not responsible for the 
seawater enhancement effect for two reasons; (i) concentrations of trace metals in natural 
waters are at least one thousand times lower than the concentrations o f the Co(II) catalyst 
used, and (ii), trace metals are more concentrated in river water than in seawater. Thus, i f 
trace metals enhanced the CL reaction river water would have given a greater CL emission 
than seawater. 
Effect of Major Seawater Species 
River water and seawater were compositionally compared in Table 4.4. Seawater is 
enriched in the following ions; Na"*", K"*", Ca^, M g ^ , CI", SO^^ - and HCO3-., of which all 
were studied except K"*" and HCOj". 
Four compounds were investigated for matrix effects; NaCI, C^(NO^)2, MgQ^O^)^ and 
Na^SO .^ The matrix effects observed are shown in Figures 4.12-4.15. The NaCI experiment 
involved the addition of small volumes of FL^O, (concentration range; 0-60 nM) to Milli-Q 
blank, 10, 20, 30 and 40 PSU NaCI. Figure 4.12 shows a plot o f CL emission of Milli-Q 
water blank against the other NaCI containing samples. The Ca(N03)2, Mg(N03)2 and 
Na^SO^ experiments were similar in design but four HjOj additions were made and only one 
concentration (ambient seawater concentration) was used (see Section 4.2.1). 
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Figure 4.12. Effect of NaCI on the CL Reaction. 
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Figure 4.13. Effect of Ca(N03)2 on the CL Reaction. 
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Figure 4.14. Effect of Mg(N03)2 on the CL Reaction. 
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Figure 4.15. Effect of Na2S04 on the CL Reaction. 
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All the matrix experiments gave non-perfect fits (i.e. deviations fi'om the theoretical 1:1 
line). Linear regression analysis was applied to test for statistically valid deviations from the 
1:1 line. The results of the statistical treatment of data is shown in Table 4.10. A matrix 
effect was judged to be significant i f the maximum and minimum values calculated from the 
/-statistic (w-2; 95 % confidence interval) did not include the ideal values for either the 
gradient (ideal = 1) or the y-axis intercept (ideal = 0). 
Only one matrix effect was observed at the 95 % confidence interval - the effect of 5 x lO'^ 
M Mg(II) . However, Mg(II) quenched the CL emission of the luminol-H202-Co(II) system 
in contrast to the enhancement effect o f the seawater matrix. 
A similar Mg(n)-quenching effect was observed by Chang et al. [218 ] in the determination 
of Cr(in) in seawater by luminol-H^Oj CL (Figure 4.16). 
BO 
1^  4 0 
^ 2 3 4 S 0 7 8 6 lb" 
N^flJ Concertinn i W^M 
Figure 4.16. Mg(ll) Quenching of the C L Determination of Cr(lll). Open circles- 60 nM Cr(lll) 
in the presence of 0.3 M NaBr; closed circles: 60 nM Cr(lll) in the absence of NaBr. 
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Table 4.10. Statistical Evaluation of Matrix Effect Data. 
MATRIX GRADIENT (IDEAL = = 1) y-AXIS INTERCEPT (IDEAL = 0) CORRELATION 
COEFFICIENT 
{r) 
ACTUAL MiN: MAX. ACTUAL MIN. MAX. 
10 96oNaCI 1.05 0.93 1.17 2.86 -1.27 6.99 0.999 
20 ?6o NaCI 0.99 0.34 1.64 -0.81 -22.4 20.7 0.978 
30 %o NaCI 1.16 0.71 1.61 -3.53 -18.6 11.6 0.992 
40 %o NaCI 0.91 0.42 1.40 2.58 -13.7 18.9 0.988 
Ca(N03), 0.93 0.82 1.04 1.88 -8.7 12.5 0.998 
Mg(N03), 0.82 0.72 0.92 -10.1 -17.1 -3.1 0.998 
Na^SO, 1.09 0.86 1.32 7.36 -10.5 25.2 0.994 
These workers observed no quenching of CL emission i f [Mg(n)] < 3.2 x IQ-^ M (no NaBr) 
which was consistent with an earlier report on Cr(III) determination in synthetic media 
[219 ] . At 5 X IQ-* M Mg(II) (seawater concentration) the CL emission was ca 30 % of the 
original; such a dramatic effect was not observed in the experiment reported in this thesis. 
The effect of Ca(n) was also investigated by Chang et a/.; at seawater concentrations (ca 1 
X 10"^  M) the CL emission was unaffected but at concentrations > 10"- M a quenching 
effect was observed {ca 20 % reduction at 2 x 10"^  M). The mechanism/s of the alkaline 
earth metal quenching effect is unknown at this time. 
Chloride (1-4 % NaCI; 0.17-0.68 M CI") did not affect the luminol-H202-Co(II) system 
(Figure 4.12 and Table 4.10). This was in contrast to work reported by researchers at the 
University o f Maine, USA [218, 220 , 221 ] who found CL enhancement of the luminol-
FL;02-Cr(in) system by a number of anions. These workers initial findings are summarised 
in Table 4.11. 
Table 4.11. Effect of Anions on the Luminol-H202-Cr(lll) System. From [220]. 
ANION (0.56 M) % C L EMISSION (Cr(lll) ONLY = 100 %) 
ci- 145 
B r 800 
F- 140 
sor 146 
S O / - (0.028 M) 100 
NO3- 100 
Concentrations of 0.56 M were based on the chloride concentration of seawater [222 ] . The 
halide enhancement effect ( B r > CI" > F") remained relatively constant at different metal 
concentrations but varied according to the pH (maximum CL emission at pH 10.8). Fe(II) 
and Co(II) based systems also produced enhanced CL emission in the presence of halides 
[221], but the enhancement was not as large as experienced with the Cr(ni) based system 
(44 and 77 % less respectively). The CL enhancement was proposed to be due to 
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interaction of halide ions with a metal-O^-luminol complex which increased the CL emission 
[221]. 
The presence of SO^-", at seawater concentrations (0.019 M ; [5]), did not significantly 
enhance the CL emission of the Iuminol-H202-Co(n) system, ^his was in agreement with 
the results shown in Table 4.11 (at 0.028 M) . 
An explanation of the seawater enhancement effect was not found from these experiments. 
Ejfect ofpH 
The effect of varying sample pH on CL emission is shown in Table 4.12. The optimal 
operating pH of the reagent solutions was 10.8 but the pH of the sample did not affect the 
CL emission of a 100 nM H2O2 standard. This was due to the low volume of sample 
introduced into the luminol carrier stream (100 ^il) which was rapidly dispersed within the 
PTFE tubing. The mean CL emission was 89.9 mV (0.6-3.0 % RSD repeatability) and the 
RSD was 4.43 % (« = 8). No correlation existed between pH and CL emission (r = 0.205; 
calculated /-value = 0.51, < tabulated value of 2.44). 
Table 4.12. Effect of sample pH on CL emission. 
O R D E R OF 
ANALYSIS 
SOLUTION pH C L EMISSION RSD (n = 5) 
1 4.06 95 1.3 
2 (no addition) 6.22 84 2.1 
3 4.62 86 3.0 
4 10.92 94 1.1 
5 8.77 93 0.6 
6 10.85 88 0.9 
7 6.01 91 1.9 
8 5.08 88 2.1 
Chloride in the added spike of HCl did not affect the CL emission. This was in agreement 
with the NaCI matrix experiment where no effect was found. 
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4.4. C O N C L U S I O N S 
1. The FI-CL method is applicable to the determination of H^O, in natural waters (river, 
estuarine and sea). X 
2. Rivers descending from Dartmoor contain higher organic loadings than other sampled 
rivers. 
3. Seawater enhances the CL emission whilst river water quenches the CL emission. The 
quenching effect is attributed to the reaction of the added H^Oj spike with organic 
matter in the sample. 
4. The FI-CL system performs well onboard research vessels. 
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Chapter 5 
In Situ Determination of 
Hydrogen Peroxide in the 
Western Mediterranean 
5,1. INTRODUCTION 
The previous chapter described the application of the developed FI-CL method to the 
determination of yiX>2 natural waters. This chapter primarily discusses the shipboard 
validation of the H^O, method at a number of sampling locations in the western 
Mediterranean Sea. Comparison with previous field data for H2O2 in seawater and 
preliminary evaluation of H^O, related marine biogeochemical processes are also included. 
5.1.1. Cruise D203 
A berth of opportunity was obtained onboard R.R.S. Discovery to the western 
Mediterranean in July 1993 (Cruise D203). The cruise was commissioned to form part of 
the European River Ocean System research program (EROS 2000). The basic objective of 
the European Union funded project was to carry out long-term interdisciplinary field 
investigations of estuary-shelf sea biogeochemical processes. 
Cruise D203 was perfectly suited to shipboard validation of the developed FI-CL method 
for the determination of H jOj in seawater. The geographical location of the western 
Mediterranean offered the opportunity to monitor H^O^ in a variety of different water types 
within relatively small distances and the time of year guarofiteed high levels o f solar 
radiation to photochemically generate HjOj . 
R.R.S. Discovery is a fully equipped scientific research vessel operated by the Natural 
Environment Research Council. The vessel (90.25 m length) was built in 1962 but 
completely refitted (superstructure and propulsion system) in 1990. The 203rd cruise was 
operated by 22 crew and officers and involved a total of 32 scientists. 
5.1.2. The Western Mediterranean 
The Mediterranean Sea is separated from the Atlantic Ocean by the Straits of Gibraltar and 
occupies an area of 2,516.000 km* [223 ] . The Mediterranean (Figure 5.1) is divided into 
eastern and western basins by a sill {ca 400 m deep) between Sicily and Tunisia. The 
maximum depths are ca 3400 m in the western basin and ca 4200 m in the eastern basin. 
There are two major subsurface Mediterranean water masses; intermediate and deep water. 
The first, termed Levantine Intermediate Water [224 ] , is formed in the winter of f the coast 
of Turkey with a temperature o f 15 ^C and a salinity of 39 .1 PSU. It flows west at 200-600 
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m depth along the north African coast, through the Straits of Gibraltar and into the Atlantic. 
This modified water mass (13 °C and 37.3 PSU), flows down the continental slope and the 
outflow is replaced by a surface inflow o f Atlantic water. Deep water mass formation 
occurs in winter of f the south coast of France and the southern Adriatic. The water masses 
are characterised by temperatures of 12.6-13.3 and salinities of 38.4-38.7 PSU. 
A T L A N T l i 
*rqic* 
Figure 5.1. The Surface Circulation and Regions of Intermediate and Deep Water Formation 
of the Medrtenranean Sea (from [2251). 
5.2, E X P E R I M E N T A L 
5.2.1. Reagents and standards 
All solutions were prepared onboard ship from ultra-pure de-ionised water supplied by a 
Milli-Q system (Millipore Corp.). Luminol, cobalt(n) nitrate hexahydrate and 30 %v/v H^O, 
were analytical grade and supplied by Fluka (Giliingham, Dorset). All other chemicals were 
reagent grade and supplied by Merck (Poole, Dorset). 
Luminol and cobalt(II) reagent solutions were prepared in accordance with Section 3.2.1. 
5.2.2. Instrumentation 
The FI-CL system shown in Figure 3.1 was used throughout this chapter. The same 
operating procedures as described in Chapter 3 were applied. 
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5.2.3- Preparative Procedures 
Detailed plans were made to ensure that all necessary instrumentation, chemicals and other 
equipment (e.g. field pH meter, volumetric flasks, sample bottles) were available and 
functional while at sea. The instrumentation was tested prior to the cruise, spare 
components obtained and sufficient consumables purchased. 
All items were protected by bubble-wrap and carefully packed in robust wooden, metal or 
cardboard boxes for transportation. The boxes were transported by lorry to Barry, South 
Wales and then by container ship to the departure point (Gibraltar). 
Once at sea, the instrumentation was secured in an open marine plywood box (purpose 
made at Plymouth Marine Laboratory). The box was constructed to allow full access to the 
instrumentation, see Figure 5.2. 
cm 
100 cm 
Figure 5.2. Marine Plywood Box used for Transporting and Housing Instrumentation 
(the bold lines signify the shipboard palette). 
The instrumental layout is shown in Figure 5.3 and the box, once at sea, was securely bolted 
to the ships' benches. The amplifier power supply (15 V ) was positioned on top o f the PMT 
power supply (1.1 kV) and the PMT detector on top of the injection valve module. The 
chart recorder was fixed by bungee ties to a small wooden shelf under which the micro-
controller was housed. 
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100 cm 
Amplifier 
Power 
Supply 
PMT Power 
Supply 
Sample 
Holder 
Valve 
Module 
PMT 
RSP 
SIP 
Chart Recorder 
Micro-controller 
Figure 5.3. Instrumental Layout of FI-CL Instrumentation while at Sea 
(wiring and tubing connections omitted). 
All instrumentation and supplementary equipment were held in place by bungee ties and 
screw-in hooks. Two wooden boards (50 x 50 mm) with fixed dowling ridges (roll-stops) 
were used for reagent/standard preparation and sample treatment. All reagent, standard and 
sample bottles were secured in purpose-made wooden holders. 
5.2.4. Cruise Tracts 
The tracts for cruise D203 are shown by Figures 5.4 (Leg 1) and 5.5 (Leg 2). The duration 
of both cruise legs was ca two weeks. 
R.R.S. Discovery left Gibraltar on the 2nd July 1993, negotiated the Straits of Gibraltar and 
steamed west to Station D l (35° 58.6* N , 06° 10.4' W). The ship then proceeded east, via 
Stations D2-9 to the Straits of Sicily (arrived at DIG on the 9th July 1993). Four Stations 
were studied in this region before heading north-west to Station DI5. The final Station on 
this leg was D16 (410 N , 06° E) and the ship arrived at Monaco on the 15th July 1993. 
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Figure 5.4. Leg 1 Cruise Tract and CTD Stations. 
Leg 2. 
R.R.S. Discovery departed Monaco on the 17th July for Station M A I (same site as D16) 
where it remained in Lagrangian drift mode for almost three days (Cast MAl /26 sited at 40° 
45.6' N , 06° 07.2' E). The ships' passage to Roustan Buoy (Station MA9) was hindered by 
heavy, M/.s/raZ-induced seas (Force 8-9) and arrived late on the 21st July 1993. The Rhone 
plume area was studied in great detail (Stations MA2-8, MFl-3, M C I and ME 1-2) before 
departing for the second Lagrangian drift Station at M D l (43° 47.5 N , 03° 44.3' E). The 
ship drifted at this Station between the 30th July and the 1st August 1993 before departing 
for Nice (arrived the 2nd August 1993). 
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Figure 5.5. Leg 2 Cruise Tract and CTD Stations. 
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5.2.5. Shipboard Procedures 
Sampling 
Samples were collected in amber 50 ml glass bottles from a CTD (see Section 5.2.6) rosette 
system fitted with 12 x 10 1 clean Niskin or Go-Flo bottles (General Oceanics). Each sample 
bottle was rinsed three times before collection of the true sample. 
Hydrogen Peroxide Quantification Procedure 
A standard addition procedure, similar to that described in Section 4.2.4, was used to 
determine the concentration of H jOj in each sample. The majority of casts comprised of 12 
samples of which 2, or occasionally 3 (selected at random), were analysed by standard 
additions (20-100 nM HjO^). This data was used for the concentration calculating equation 
(see Section 5.3.1) which allowed simple quantification of the H2O2 concentration of the 
other 9 or 10 samples. Samples with CL emission of S/N < 3 were not quantified. 
5.2.6. Ancillary Measurements 
A CTD is an integrated unit of sensors and probes, primarily Conductivity, Temperature 
and Depth, held in a frame containing a rosette of bottle samplers. The entire frame is 
winched over the side of the vessel for chemical/physical parameter profiling and sample 
collection from the sea surface to kilometre depths. The sample bottles are opened for the 
downward cast and electrically or physically triggered to close at chosen depths on the 
upward cast. 
The CTD used onboard R.R.S. Discovery (General Oceanics) was winched over the 
starboard side of the ship. The CTD gave instantaneous profiles of the following parameters 
(General Oceanics unless stated otherwise); salinity (conductivity), temperature, depth 
(pressure), chlorophyll fluorescence (Chelsea Instruments Aquatracka fluorometer; "K^^^^ 
= 400-450 nm and X ^ ; ^ = 550-580 nm), downward irradiation (Aitken-Type Sensor) and 
dissolved oxygen (Beckman electrode). The 10 1 sampling bottles were either Niskin (Leg 
l ) o r Go-Flo (Leg 2). 
A reversing digital thermometer was used to standardise the temperature sensor, salinity 
measurements were calibrated using an onboard Guildline salinometer and the oxygen data 
was interpolated against Winkler titrations during Leg 2. 
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Phoiosynthetically available radiation (PAR; 400-700 nm) was recorded throughout the 
cruise (one reading per minute) from two light meters at the bow of the ship. All PAR data 
was averaged to counteract shading effects caused by the ship. Depth profiles of PAR were 
also obtained at over 30 sites using instrumentation normally housed in a towed UOR 
package (Undulating Oceanographic Recorder). 
5.3, R E S U L T S AND DISCUSSION 
5.3.1. Analytical Performance 
The overall performance of the analytical system during shipboard deployment was 
considered to be excellent. Results included 43 HiOj depth profiles and six photochemical 
generation experiments (described in Chapter 6). 
The total down-time of the FI-CL system during the cruise was ca 1 h. This break was 
caused by failure of an injection valve component (broken stop-pin) which was immediately 
replaced. During periods of intensive analysis (> ca 5 hours of continuous use), 
precipitation of calcium and magnesium hydroxides was observed in the tubing transporting 
solutions to waste (no precipitation was observed in the tubing situated prior to the 
detector). The precipitation was dissolved by pumping 2 M HCI through the manifold for ca 
10 min each day. 
The analysis time for a typical depth profile of 12 samples including standard additions was 
45 min. No changes in CL emission of freshly collected samples were observed within this 
time period. 
Table 5.1 shows typical standard addition data which is graphically represented in Figure 
5.6. The order of analysis was random and each H^Oj standard addition was made 
immediately before analysis. 
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Table 5.1. Standard Addition Data for 2.02 m Depth Sample at Station MA2/1. 
C L R E S P O N S E (mV) 
S E A W A T E R + 20nMH2O2 + 40 nM H A + 60 niVI HjOj 
Injection 1 195 237 286 325 
Injection 2 198 235 288 318 
Injection 3 188 240 279 319 
Injection 4 193 231 284 324 
Injection 5 194 234 280 327 
Mean 194 235 283 323 
RSD (%) 1.9 1.4 1.4 1.2 
CL Emission (mV) 
350 
100 -50 0 
Hydrogen Peroxide Spike (nM) 
50 
Figure 5.6. Standard Addition Calibration for 2.02 m Depth Sample from Station MA2/1. 
The repeatability was typical of the FI method; 1.2-1.9 % RSD. The calibration had a high 
linear correlation {r = 0.9994) and was described by the following equation: 
CL Emission (mV) = 2.18 x [H^O^] (nM) + 194 
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The calculated concentration of the sample was 89.0 nM. The calculated concentration 
(nM) and CL emission (mV) for every standard addition performed during the cruise were 
plotted to generate the concentration calculating equation (CCE) based on the line of best 
fit. The intention of this procedure was to prevent the loss of cast data resuhing from poor 
standard additions (low gradient or low correlation coefficient). The CCE was calculated 
as: 
[H^O.KnM) = 0.430305 x CL Emission (mV) + 10.5699 (/• = 0.8339;/; =85) 
The reproducibility (between-run precision) of the analytical method at sea was calculated 
for two sets of data; 
Three surface seawater samples were collected from a rubber zodiac dingy at Station DIO 
(35* 44.r N , I ! * * 15.0' E) on the 9th July 1993. The time of sampling was ca midday. 
Hydrogen peroxide was determined in all three samples and the results are shown in Figure 
5.7 and Table 5.2. 
(1) (2) (3) 
80 nM 
I 
4 min 
Figure 5.7. Chart Recorder Trace for Zodiac Collected Surface Samples. 
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Table 5.2. Hydrogen Peroxide Concentration and RSD Data for Zodiac Collected Surface 
Samples. 
SAMPLE 
NO. 
INJ. 1 
(nM H2O2) 
INJ. 2 
(nM H2O2) 
INJ. 3 
(nM HjOj) 
INJ. 4 
(nM H A ) 
MEAN 
(nM HjOj) 
R S D 
(%) 
1 87.2 81.6 79.4 91.5 85.0 6.4 
2 81.6 80.7 78.6 83.7 81.1 2.6 
3 80.7 85.0 78.6 94.5 84.6 8.3 
A similar data set was obtained from cast MA7/6 (1001 hrs; 43° 05.2' N , 04° 56.4' E). Four 
separate samples were collected at 4.88 m depth (different Go Flo bottles). The results are 
shown in Figure 5.8 and Table 5.3. 
(1) (2) (3) (4) 
40 nM 
- J - m im nm 
4 min 
Figure 5.8. Chart Recorder Trace for MA7/6 Samples. 
Table 5.3. Hydrogen Peroxide Concentration and RSD Data for MA7/6 Samples. 
SAMPLE INJ. 1 INJ. 2 INJ. 3 INJ. 4 MEAN R S D 
NO. (nM H A ) (nM HjOj) (nM HP j ) (nM H A ) (nM HjGj) (%) 
1 42.4 42.8 40.3 41.6 42.0 2.6 
2 43.7 43.3 42.8 39.0 42.4 5.1 
3 40.7 44.6 42.0 41.6 42.4 3.9 
4 42.8 42.0 43.7 43.7 43.3 1.9 
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The mean concentration of the Straits of Sicily surface seawater samples was 83.6 nM H^Oj 
with a reproducibility of 2.5 % RSD (w = 3). The mean concentration of the MA7/6 cast 
samples was 42.5 nM H^O, with a reproducibility of 1.8 % RSD (w = 4). 
5.3.2. Hydrogen Peroxide Depth Profiles 
All CTD cast data (salinity, temperature, depth, etc. and H^Oj concentration) is supplied in 
Appendix 2. The CTD cast data listed correspond to 10 second averages made during the 
uphaul, at the depths at which the sample bottles were fired. 
According to the CCE the theoretical limit of detection was 10.6 nM. Samples with CL 
emission-to-noise ratio of < 3 therefore had a H j O j concentration of < 10.6 nM. Graphical 
representation of samples with low concentrations of R j O j (< 10.6 nM) was required to 
demonstrate H^O, minima. For graphical purposes only, the S/N < 3 samples were 
represented by a H^O^ concentration of 10.6 nM. 
The weather during cruise D203 was generally very settled and warm. There was very little 
cloud cover but Mistral induced storms were encountered o f f the south coast of France. 
Little or no rainfall occurred during the cruise. The high level of incident radiation produced 
detectable concentrations of H2O2 at all Stations studied. 
Similar depth profiles for H^Oj were observed at all Stations during cruise D203 in widely 
diverse marine environments. The highest H^O, concentrations occurred in the surface 
waters (0-20 m) and in 93 % of the profiles the top sample had the highest H^O, 
concentration. The range of concentrations found in the top 20 m during the cruise was 
16.0-154 nM HjOj . The elevated concentrations determined at the surface were 
predominantly attributed to photochemical generation of H jOj (see Section L2.3). 
The surface seawater H^Oj concentrations (< 154 nM H^Oj) reported in this thesis were in 
good agreement with previous field data (Table 5.4). 
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Table 5.4. Previously Reported Surface Seawater HjOj Concentrations. 
F IELD S ITE DATE [H,OJ (nM) R E F . 
Gulf of Mexico 
(14° 32' N. 85° 46'W) 
(27° 55' N. 84° 59' W) 
(28° 14' N, 84° 34" W) 
May 1982 
May 1982 
August 1982 
<50 
< 130 
< 150 
226 
Peru upwelling area 
(14-16° S , 75-77° W) May 1982 <50 227 
Florida west coast 
(25° N. 81-82° W) April 1985 < 150 24 
western Mediterranean 
(36-38° 32' N, 02° W-03° E) May 1986 < 150 90 
Sargasso Sea 
(32° N. 62° W) June 1987 < 150 9 
eastern Caribbean 
(10-20° N, 60-67° W) 
Spring 1988 
Autumn 1988 
< 120 
<420 228 
Seto Inland Sea 
(34° N, 132° E) 1990-1991 <400 12 
Typical features of the HjOj depth profiles obtained during cruise D203 are represented in 
the following depth profiles fi-om meso-oligotrophic waters (Figures 5.9 [MAl /25] and 5.10 
[MDl/14]) : 
Both profiles exhibit a characteristic surface H2O2 maxima followed by a decrease in 
concentration with depth to below the LOD (10.6 nM). Very little (< 20 nM) H2O2 was 
observed in any depth profile below 100 m. 
The decrease in U^Oj concentration was attributed to three additive processes; dilution of 
H2O2 enriched surface water with lower concentration H2O2 water from below, consumption 
o f H^O, on reaction with a variety of natural and anthropogenic compounds and attenuation 
of incident radiation by the water column. A IL^O, concentration gradient was therefore 
established between surface and deeper waters which was determined by the extent of 
physical mixing, chemical reactivity and attenuation of incident radiation. 
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Depth (nn) 
60 80 100 
[Hydrogen Peroxide] (nM) 
140 160 
Figure 5.9. Hydrogen Peroxide Depth Profile for Station MA1/25 (40° 45.8' N. 06" 06.9' E). 
The cast was made at 1204 hrs local time on the 20th July 1993. 
Depth (m) 
40 60 
[Hydrogen Peroxide] (nM) 
80 100 
Figure 5.10. Hydrogen Peroxide Depth Profile for Station MDI/14 (42° 50.7' N, 03° 47.0' E). 
The cast was made at 1640 hrs local time on the 31st July 1993. 
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The concentration of H^O, at Station MAl/25 decreased almost linearly with depth from a 
surface maximum of 136 nM to below the LOD at ca 90 m. However, the concentration of 
RjO, at Station MDl /14 remained relatively constant between 0.9-15.8 m before decreasing 
linearly to below the LOD at ca 60 m. The difference in profile type was attributed to the 
depth of the surface mixed layer. The mixed layer is a relatively homogeneous water body 
situated at the top of the water column which is affected by surface mixing processes {i.e. 
the amount of wdnd). It is measured from the sea-surface to the depth of the main 
thermocline (sharp vertical temperature gradient with depth). Under extreme Autumnal 
conditions, high winds can extend the mixed layer to ca 1000 m depth [5]. During July 1993 
in the Mediterranean the mixed layer was shallow (10-60 m) but variations affected the 
shape of the HjOj concentration depth profile. The temperature depth profiles 
demonstrating the mixed layers for both Stations are shown in Figure 5.11. 
Depth (m) 
200 
18 
Temperature (oC) 
MAI/25 MDI/14 
22 24 
Figure 5.11. Temperature Depth Profiles for Stations MAI/25 and MDI/14. 
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The mixed layers for MAI/25 and MDl/14 were ca 50 m and 25 m respectively and both 
show characteristic sharp themioclines below these depths. The shallow mixed layer at 
MDl/14 resulted in a more structured H^O, depth profile while the 50 m mixed layer at 
M A 1/25 gave a near-linear decrease in concentration with depth. 
The depth profile data fi-om the western Mediterranean was in good agreement with 
previous field data. Profiles of H^O, concentration with depth at stations in the western 
Mediterranean (ca 37o N , 01-03° E) [90] and a profile in the Gulf o f Mexico [227] are 
shown in Figure 5.12. 
HYOROCEN PEROXIDE. nM 
75 100 125 150 
I / Io« lQO 
• - ZIKA ET AL.. 1985 
Figure 5.12. Depth Profiles of HjOj in the western Mediterranean and Gulf of Mexico. From 
[90]. The dashed line is the ratio of the light intensity at depth to the surface Intensity, 
expressed as a percentage, for a diffuse attenuation coefficient of -0.07 m-^ 
Summary of Hfl^ Generation and Consumption Processes 
The following processes, previously described in Chapter 1, were thought to be responsible 
for the concentration of H2O2 in the sampled seawater. The factors affecting HjOj 
distribution (both vertically and horizontally) may be summarised in terms o f generation and 
consumption processes: 
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HYDROGEN PEROXIDE GENERA TION PROCESSES 
m In sitti photochemical generation (affected by amount of incident radiation and supply of 
suitable organic chromophores), 
• Atmospheric deposition of photochemically generated H^Oj (affected by amount of 
rainfall) and 
• Biological generation (affected by population size of RjO, generating species). 
HYDROGEN PEROXIDE CONSUMPTION PROCESSES 
• Dilution of HjOj rich water with Hfi^ depleted water (afiFected by physical mixing 
processes), 
• Reaction with natural/anthropogenic compounds in the water column (affected by 
concentration of reactant molecules) and 
• Photochemical consumption (affected by amount of incident radiation). 
The influence of the above processes on the observed ^2^2 concentration profile were not 
investigated in this shipboard validation and reconnaissance study. However, diurnal studies 
allowed preliminary evaluation o f which type of processes were most influential at the 
chosen Stations. 
5.3.3, Diumal Variations of Hydrogen Peroxide 
Two diumal series of six CTD casts were made during both Lagrangian drift mode periods 
of Cruise D203. The first set of casts were made ca 200 nautical miles o f f the south coast of 
France at Station M A I and the second in the Gulf of Lions at Station M D l . 
The RjO^ concentration depth profiles for both series of casts are shown by Figures 5.13 (a-
f) and 5.14 (a-O- The M A I casts were made on the 18th-19th July 1993 and the M D l casts 
on the 30th.31st July 1993. 
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Depth (m) 
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[Hyorogen Fterande] (nM) 
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I252hrs 
120 140 
Depth (m) 
Figure 5.13. Depth Profiles of Hydrogen Peroxide Concentration at Station MA1 
(ca41» N. 06° E). (a) MA1/5, (b) MA1/7 and (c) MA1/9. 
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Figure 5.13 continued. Depth Profiles of Hydrogen Peroxide Concentration at Station MA1 
(03 41° N. 06'> E); (d) MAI/11, (e) MAI/13 and (f) MAI/14. 
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Figure 5.14. Depth Profiles of Hydrogen Peroxide Concentration at Station MD1 
(ca42« 50' N, 03° 45' E); (a) MD1/8, (b) MD1/9 and (c) MD1/10. 
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Figure 5.14 continued. Depth Profiles of Hydrogen Peroxide Concentration at Station MD1 
(03 42° 50* N. 03° 45* E); (d) MD1/11. (e) MD1/13 and (f) MD1/14. 
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Light measurements, for the day before and on the day of analyses, were obtained from 
deck-based PAR meters at the bow of the ship. This data was used to help explain the 
diumal effects. The light history data at Stations M A I and M D l (17th-18th July and 30th-
31st July) are shown in Figures 5.15 and 5.16. Time is shown in decimal time, i.e. 17.5 = 
midday on the 17th July 1993. 
The PAR data for the 17th, 18th and 31st July were considered to be relatively constant 
with minimal cloud cover. However, the PAR levels for the 30th July were erratic with 
varying amounts of cloud cover between ca 0700-1530 hrs. 
The diumal variations of HjOj concentration at selected depth intervals (ca surface, 15 and 
40 m) for both Stations are shown in Figure 5.17 (a and b). These variations in H^O, 
concentration were based on the unlikely assumption that there was no vertical transport of 
water between the selected depths. The total amount of HjOj (nmol m"^) is also shown in 
Figure 5.17 (a and b). These values for the total contribution of HjOj for the whole profile 
were calculated by rough integration of the area bounded by the concentration profile and 
corrected for the detection limit o f 10.6 nM H^Oj. Figure 5.18 demonstrates how the values 
were calculated. 
The estimated value does not include the H^O, contribution from the surface layer (varied 
between 0.94-9.41 m) but accounts for vertical transport between the specified depth range 
(but not above or below it). 
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Figure 5.15. Light History (PAR) at Station MAI. (a) 17th July 1993 and (b) 18th July 1993. 
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Figure 5.16. Light History (PAR) at Station MD1. (a) 30th July 1993 and (b) 31st July 1993. 
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Figure 5.17. Diumal Variations of Hydrogen Peroxide at Different Depth Intervals and Total 
Hydrogen Peroxide (see text), (a) MAI and (b) MD1. 
134 
Hydrogen Peroxide (nM) 
140 
Hydrogen peroxide 
concentration 
depth profile 
Area of each rectangle calculated 
and summed to give estimate 
of area under the profile 
ICQ h 
Summed area below 10.6 
nM subtracted from total 
25 30 35 40 
Depth (m) 
45 50 55 60 
Figure 5.18. Calculation Procedure for Total HjOj Values (using theoretical data). 
Both Stations are individually discussed below: 
Station hdAI 
The highest surface (1.13-1.7 m depth) calculated concentrations of H^Oj at M A I were at 
0450 hrs (Figures 5.13 and 5.17a). This was surprising as almost ten hours had passed since 
sunset on the 17th July and the light histories for the 17th and 18th July were not dissimilar 
{i.e. both relatively cloud-free; Figure 5.15). The H2O2 concentration at 1252 hrs was less 
than at 0450 hrs but increased to 123 nM RjOj at 1521 hrs. From this time the llf)^ at the 
surface was consumed at a faster rate than its generation and the concentration decreased to 
a minimum at 0027 hrs on the 19th July (84 nM H^O^). The other depth intervals (14.0-15.3 
m and 40.0-44.4 m) showed similar generation and decomposition cycling of HjOj . The 
surface cycling was slightly more pronounced than at depth (e.g. 40.0-44.4 m) but 
significant enough to prove that diumal cycling of HjOj concentrations occurred in sub-
surface water. The total W^O^ diumal profile gave a concentration maxima just after midday 
and rapidly decreased thereafter. 
The sequence of profiles from 1005 to 0027 hrs (Figures 5.13b-f) demonstrate the potential 
use o f HjOj measurements as a tracer in seawater. The increased H^Oj concentration at ca 
50 m for MAl /11 was possibly due to entrainment of KjOj-rich surface water. The H^O, 
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anomaly was slowly assimilated into the sub-surface waters and traced by profiles M A 1/9 to 
MAl/14 . From the HjO, concentration profile at M A l / 9 the anomaly appeared to be 
present at ca 50 m but by M A l / 1 1 it had risen to 20-30 m depth. The sequence of FLOj 
casts after M A l / 1 1 demonstrate the mixing and assimilation of the H202-enriched water into 
the lower concentration sub-surface water. The K j O j profile at MAl /14 was relatively 
unaffected by the entrainment. The potential of H^O, determinations at sea to examine 
vertical motions near the sea surface was first proposed by Johnson et al. [92] who 
observed large anomalies in H2O2 concentration at frontal regions in the western 
Mediterranean (36°-37° N , 02'' W-03« E). The size of the Hfi^ concentration anomalies 
were well correlated to the salinity gradient which was known to drive the frontal 
circulation. Eddy diflusion models were not large enough to explain the changes in H^O, 
concentration and advective processes were suggested as the possible transport mechanism. 
Reported H2O2 depth profile data [92] was in good agreement with data reported in this 
chapter (see Section 5.3.2). 
Station MDI 
An interesting feature, linked to the meteorological conditions, was observed during this 
series of casts. The weather on the 30th July was quite sunny but windy and the water 
column became increasingly well mixed. The winds decreased in ferocity during the day and 
gave settled meteorological conditions by ca 1600 hrs. However, the re-establishment of a 
stratified upper water column took longer to occur and was traced by the HjOj 
concentration profiles (Figure 5.14). At 2045 hrs no defined mixed layer was observed from 
the HjOj profile due to wind-induced mixing. The following casts (0045 to 1640 hrs) on the 
31st July follow the re-establishment of the mixed layer and demonstrate stratified 
conditions. 
The highest surface HjOj concentrations (Figures 5.14 and 5.17b) were determined at 2054 
hrs (MDl /8 ) after a day of intermittent sunshine (Figure 5.16a). By 0045 hrs on the 31st 
July the surface concentration of H^O, had decreased to 95.8 nM and decreased further to 
65.6 nM by 0811 hrs (sunrise at ca 0500 hrs). A moderate increase in concentration of 19.0 
nM H2O2 occurred between 0811 and 1640 hrs with little cloud cover (Figures 5.16b and 
5.17b). The total H^O, diurnal profile showed the decrease in H2O2 concentration to 0811 
hrs but gave a relatively greater overall increase during the afternoon. 
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In contrast to Station M A I where the highest H^Oj concentrations were determined in the 
mid-afternoon, the highest H^O. concentrations at Station M D l were determined in samples 
collected in the late evening and during the night. The effect was most pronounced for the 
total H2O2 profile which registered no significant increase in H^O, until after 1302 hrs 
(MDl/13). 
Generation and Consumption Rates 
The M A I and M D l diumal cast data was used to calculate HjOj generation rates (if 
concentration increased with time) and H^Oj consumption rates ( i f concentration decreased 
with time): 
Rate (nM min"') = A [RO^] / A Time 
The range of rates of generation and consumption for both sites were 0.0201-0.1500 nM 
min-' H2O2 and 0.0086-0.0988 n M min"! Hfl^ respectively (Table 5.5). 
Table 5.5. Net Generation or Consumption of IHjOj at Station MA1 (18th-19th July 1993). 
GENERATION (+) OR CONSUMPTION {-) OF 
(nM min-i) 
TIME PERIOD 
(Hrs) 
1.13-1.70 m 14.0-15.3 m 40.0-44.4 m 
0450-1252 -0.0207 n/a n/a 
0450-1005 n/a -0.0286 -0.0111 
1005-1252 n/a -0.0695 +0.0299 
1252-1521 +0.0201 +0.0315 +0.0309 
1521-1950 -0.0430 -0.0276 -0.0237 
1950-0027 -0.0975 -0.0643 -0.0231 
n/a ~ data not availabte 
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Table 5.6. Generation or Consumption of HjOj at Station MD1 (30th-31st July 1993). 
GENERATION (+) OR CONSUMPTION (-) O F H^Oj 
(nM min-"*) 
TIME PERIOD 
(Hrs) 
0.94-1.42 m 15.2-16.4 m 39.5-40.5 m 
2054-0045 -0.1091 -0.0675 -0.0086 
0045-0811 -0.0677 -0.0168 -0.0291 
0811-1021 +0.0762 +0.1077 +0.0462 
1021-1302 -0.0398 -0.0988 -0.0373 
1302-1640 +0.0711 +0.1500 +0.0445 
The mean generation and consumption rates of H^Oj at depth (39.5-44.4 m) were less than 
at the surface (0.94-1.70 m). This was proposed to be due to increased biological and 
photochemical activity of the surface layer (< 30 m depth) in both generation (e.g. [11, 13, 
229 ]) and consumption (e.g. [19, 20]) processes. 
Previously reported H^Oj consumption rates in the western Mediterranean were similar (see 
Table 5.7). 
Table 5.7. Previously Reported Generation and Consumption (-) Rates. 
RATE 
(nM min'i) 
WATER T Y P E AND CONDITIONS R E F . 
(-)0,05-0.12 western Mediterranean seawater; ambient 92 
(-)0.0086-0.099 western Mediterranean seawater; ambient this work 
0.013-0.040 Vineyard Sound, off the Massachusetts coast, 
USA; particle dependant, light independent 
20 
0.083-0.10 Vineyard Sound, off the Massachusetts coast, 
USA; fluorescent light 
20 
0.020-0.15 western Mediterranean seawater; ambient this work 
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Apparent Half-Life of Hydrogen Peroxide 
The primary aim of this chapter was to present shipboard validation o f the H j O j FI-CL 
method. However, a first order approximation of the apparent half-life of H2O2 in westem 
Mediterranean seawater was made to compare with previously reported data (the half-life is 
time required to consume 50 % of the original amount of HjOj). For simplicity, the rate of 
RjOj consumption was assumed to be linear; the method of calculation (using the same data 
used for calculation of generation and consumption rates) is shown in Figure 5.19 and the 
data for Stations M A I and M D l are shown in Tables 5.8 and 5.9. 
Hydrogen Perodde Conoentration (nM) 
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Figure 5.19. Calculation Procedure for Apparent Hatf-Llfe for 0.94-1.42 m at Station MDl 
between 2054-0045 hrs. 
The apparent Hfl^ half-lives ranged from 499.0-3133 min (ca 8-50 h); the mean (n = 19) 
was 883.9 min (ca 15 h). These results were in good agreement with H2O2 half-life data 
reported by Cooper and Zepp [19] for a 500 nM Hfl^ standard (1-8 h) and Moore et al. 
[228] for seawater samples collected from 2-40 m depth in the eastern Caribbean (5.7-130.7 
h). Moore et al. observed exponential decay of H2O2 in stored seawater samples and 
calculated half-lives from least squares fits of the natural logarithm of H^Oj concentration. 
Caribbean samples from highly productive coastal waters had short half-lives (ca 5 h) 
compared to oligotrophic samples (> 100 h). 
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Table 5.8. Station MA1 Apparent Half-Lives (18th-19th July 1993). 
APPARENT HALF-LIFE 
(min) 
TIME PERIOD 
(Hrs) 
1.13-1.70 m 14.0-15.3 m 40.0-44.4 m 
0450-1252 3133 n/a n/a 
0450-1005 n/a 1615 1890 
1005-1252 n/a 600.0 * 
1252-1521 * * * 
1521-1950 1379 1335 980.2 
1950-0027 569.3 534.5 898.1 
n/a = data not availal>le; * generation of hydrogen peroxide. 
Table 5.9. Station MD1 Apparent Half-Lives (30th-31st July 1993). 
APPARENT HALF-LIFE 
(min) 
TIME PERIOD 
(Hrs) 
0.94-1.42 m 15.2-16.4 m 39.5-40.5 m 
2054-0045 554.6 950.7 499.0 
0045-0811 707.4 717.9 1540 
0811-1021 * * * 
1021-1302 949.6 1181 295.2 
1302-1640 * * * 
' generation of hydrogen peroxide. 
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5.3.4. Geographical Variations of Hydrogen Peroxide 
The time of day greatly affected the concentration of H j O j in the sampled waters as 
described above. However, a first order comparison of the geographical variations of HJO2 
was made by classification of the depth profile data into five geographical areas (Table 
5.10). 
Table 5.10. Geographical Classification of Sampling Stations. 
GEOGRAPHICAL AREA C T D STATIONS 
Straits of Gibraltar 
Oligotrophic 
Straits of Sicily 
Rhone Plume (outer) 
Rhone Plume (inner) 
D3, D5 
D8, D9. D16, MA1. MA2, MA3 
DIG, D11, D12, D12A. D14 
MA4. MAS, MA6, MD1, MF1 
MA7. MAS. MA9, MF3. ME2 
The geographical distribution of H^Oj in the western Mediterranean is shown in Table 5.11. 
Depth intervals of 0-20 m, 21-40 m, 41-80 m and > 80 m were chosen to assess the depth 
profile characteristics fi*om the different areas. 
The population sizes for each geographical area were not consistent, e.g. the Straits of 
Gibraltar area comprised of only 24 data points, of which 15 were samples fi-om below 80 m 
depth. However, a number of findings were evident fi-om this limited data set. 
The highest H^Oj concentrations were determined in the Straits of Sicily ([Hj^Jmix 
nM) and the inner Rhone ( [ H 2 0 J ^ = 154 nM) areas. An interesting result was that the 
highest H2O2 concentration determined throughout the entire period of the cruise (Cast 
MA8/1) was collected at the shallowest recorded sampling depth (0.19 m) implicating a 
possible micro-layer enhancement of HjO,. 
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Table 5.11. Geographical Distribution of Hydrogen Peroxide in the western l\1ed*rterranean. 
NO. O F 
DATA 
P O I N T S 
[ ' ^202 ]MEAN 
(nM) (nM) 
[*^202]MAX 
(nM) 
S .D . 
(nM) 
Straits of Gibraltar 
0-20 m 2 33 20 20 13 
21-40 m 2 21 17 17 4 
41-80 m 5 18 13 13 3 
> 80 m 15 13 11 16 3 
Oligotrophic 
0-20 m 34 91 51 136 21 
21-40 m 17 61 33 88 15 
41-80 m 40 28 11 65 12 
> 80 m 63 13 11 27 4 
Straits of Sicily 
0-20 m 13 87 34 143 29 
21-40 m 14 44 17 82 15 
41-80 m 23 21 11 35 6 
> 80 m 44 13 11 46 6 
Rhone (outer) 
0-20 m 49 72 19 123 23 
21-40 m 32 28 11 76 14 
41-80 m 30 13 11 23 4 
> 80 m 21 11 11 11 0 
Rhone (inner) 
0-20 m 24 57 16 154 35 
21-40 m 15 20 11 33 6 
41-80 m 15 13 11 21 4 
> 80 m 7 11 11 11 0 
142 
The mean HjOj concentration data is shown graphically by Figure 5.20. 
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• 0-20 m • 21-40 m S 41-80 m • >80m 
Figure 5.20. Mean Hydrogen Peroxide Concentration Data for Different Geographical Areas. 
The oligotrophic classified stations had higher mean H2O2 concentrations than the other four 
geographical areas for the 0-80 m depth ranges. The Straits of Sicily casts also had high 
H^Oj concentrations, particularly in the top 20 m of the water column. The decrease in 
concentration with depth is well demonstrated and was in agreement with the typical depth 
profiles shown earlier (Section 5.3.2). At depths > 80 m very low H2O2 concentrations were 
typical at all five areas (mean concentration < 13 nM). 
Although productivity data is unavailable at this time, it was assumed that the most 
productive waters were those closest to the Rhone plume. However, the less productive 
waters (oligotrophic and Straits o f Sicily), had the highest H2O2 concentrations. 
A possible explanation was that the oligotrophic and Straits of Sicily Stations were all 
ftjrther south (closer to the equator) than the Rhone Stations and would therefore receive a 
greater quanta of light for photochemical generation of H2O2. Light data supporting this 
hypothesis is shown in Figure 5.21. 
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Figure 5.21. Attenuation of Light (Log PAR) with Depth at Stations MA1 and MA9. 
Both casts were made at ca midday on the 20th ( M A I ) and 22nd (MA9) July 1993 and 
were therefore comparable. The latitudinal difference between the two cast positions (02° 
31.78') was demonstrated by the higher surface PAR levels at the more southerly cast. 
5.3.5. Hydrogen Peroxide and Other Measured Parameters 
Other chemical and biological parameters were quantified during cruise D203. This section 
describes the possible relationships between R j O j and DOM fluorescence, DOC and 
chlorophyll a. 
DOMfluorescence 
Dissolved organic material (DOM), of which DOC is a significant component, was 
empirically determined by A. Murphy (University of Southampton) fi-om samples collected 
during Leg 1 of cruise D203 by fluorescence (315 nm excitation; 410 nm emission) [230 ] . 
A plot of H2O2 concentrations and DOM fluorescence for five contrasting Stations is shown 
in Figure 5.22. 
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Figure 5.22. Relationship between DOM Fluorescence and HjOz Concentration at Leg 1 
Stations. The inset shows DOM fluorescence data of < 3.5 fl. units. 
There was no correlation for any of the Stations studied. However, an apparent linear 
correlation was calculated by Moore ei ai [228] for the rate of KjO^ accumulation (AH,0 , 
(nM) / Asolar flux [300-380 nm wavelength band]) and D O M fluorescence at 354 nm 
excitation and 496 nm emission (Figure 5.23). 
4 6 
DOW FLUORESCENCE. OSU 
Figure 5.23. Relationship between DOM Fluorescence and HjOj Accumulation Rates in the 
eastern Caribbean [228]. 
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Moore e( al. proposed the following: 
"The apparent linear correlation across a wide range of DOM concentrations 
argues that there are no significatU differences in the humic materials with respect to 
the ability to produce Hfi^ " 
Solar flux data (400-700 nm) was available for cruise D203 but accumulation rates were not 
possible as no diurnal studies were made during Leg 1. However, the type of dissolved 
organic chromophore and ability to photochemically generate HjOj is described in Chapter 
6. 
Concentration of DOC 
Dissolved organic carbon was determined by HTCO (see Section 4.2.5) onboard R.R.S. 
Discovery by A. Miller (Plymouth Marine Laboratory). Two DOC concentration profiles 
and the corresponding HjOj concentration profiles are shown in Figure 5.24 (a and b). 
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Figure 5.24. DOC and HjOj Concentration Depth Profiles, (a) MAI/7 and (b) MA1/25. 
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Both sets of DOC concentration data produced depth profiles which were similar to those 
obtained in the NE Atlantic [209]. The concentration of DOC varied by 80-125 \iM C but 
the profile was relatively character-less in the top 200 m of the water column. No direct 
relationship between DOC and H2O2 was obtainable fi-om this data and this was 
corroborated by the lack of correlation in Figure 5.25. 
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Figure 5.25. Relationship between Hydrogen Peroxide Concentration and Dissolved Organic 
Carbon Concentration in MA1 Samples. 
Chlorophyll a Fhiorescence 
Chlorophyll a is present in all phytoplankton and is usually mapped fluorimetrically at sea to 
signify seawater biological activity. Depth profiles were obtained for all casts on Cruise 
D203 using the instrument described in Section 5.2.6. Two in situ fluorescence profiles 
plotted with H^Oj concentration data are shown in Figure 5.26 (a and b). 
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Figure 5.26. Chlorophyll a and HjOj Concentration Depth Profiles, 
(a) MA1/5 and (b) MA1/7. 
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The chlorophyll a maximum at Station M A 1/5 did not affect the H^Oj concentration profile 
but at Station M A l / 7 a slight anomaly in H2O2 concentration was observed. The anomaly 
was initially proposed to be due to a physical process (entrainment of surface water) with 
substantiating evidence from salinity and temperature data (Section 5,3.3). However, the 
increase in HjOj concentration {ca 50-80 m) corresponds well with the chlorophyll a 
maxima (ca 50-100 m) and could be the resuh of biological generation o f HjOj (see Section 
1.2.3). No other evidence for biological generation was observed during Cruise D203. 
5.4. CONCLUSIONS 
1. The FI-CL system is perfectly suited to the shipboard determination of H2O2 in 
seawater. 
2. The highest H2O2 concentrations are at the surface (0-20 m) and the concentration 
decreases with depth. 
3. The concentration of HjOj is affected by the amount of incident irradiation, physical 
mixing and water composition. Diurnal maxima were observed during the mid 
afternoon (Station M A I ) and late afternoon (Station M D l ) . 
4. The apparent half-life of H2O2 in seawater is ca 8-50 h. 
5. Hydrogen peroxide concentration data from the western Mediterranean is in excellent 
agreement with previous field data. 
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Chapter 6 
The Photochemical Generation 
of Hydrogen Peroxide 
6 . 1 . INTRODUCTION 
The previous chapter described the shipboard determination of H jOj in samples collected 
from the western Mediterranean. Biogeochemical processes {i.e. photochemicaI^iological 
generation and photochemical^iological consumption) and physical processes (incident 
radiation and mixing) were proposed to affect the HjOj concentration profiles obtained. 
This chapter describes an investigation into the dominant generation process; photochemical 
generation of HjOj . 
6.2. E X P E R I M E N T A L 
6.2.1. Reagents and standards 
All solutions were prepared from ultra-pure de-ionised water supplied by Milli-Q systems 
(Millipore Corp.). Luminol, coba]t(II) nitrate hexahydrate and 30 %v/v H j O j were analytical 
grade and supplied by Fluka (Gillingham, Dorset). All other chemicals were reagent grade 
and supplied by Merck (Poole, Dorset). 
Luminol and cobalt(II) reagent solutions were prepared in accordance with Section 3.2.1. 
An ionic humic acid salt (Chemical Abstracts Service Registry Number: 1415-93-6) was 
obtained from Aldrich (Gillingham, Dorset) and used without purification. 
6.2.2. Ultra-Filtration Procedure. 
Three seawater size fractionated ultra-filtrates (SFUF's) were kindly donated by G. Fengler 
from the University of Hamburg during Cruise D203 in July 1993. The SFUF's, together 
with the original filtered seawater, were incubated according to Sections 6.2.4 and 6.2.5. 
The ultra-filtration procedure is represented by Figure 6.1 and described in detail elsewhere 
[231 ] . One hundred and five litres of surface seawater (1.64 m depth) was collected from 
Station MA9/I0 (43° 16.6' N , 04° 52.8' E) at 2158 hrs on the 27th July 1993. 
The seawater was suction-filtered to remove particulate matter (> 0.2 \xm) and 94.0 I of the 
filtrate passed through two modified tangential filtration systems (DT-Modul, Rochem) 
fitted with 8000 Da and 300 Da membrane sizes. Both membranes were composed of 
modified polyethersulfon and the water forced through the filtration system by a gear pump 
(Tuthill). Operation pressures for the 8000 Da and 300 Da membranes were 5 bar and 10 
bar respectively. The use of tangential flow allowed efficient transport o f seawater through 
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the system without excessive deposition of material on the membrane surface. The 
membrane-retained material was quantitatively transferred by rinsing with Milli-Q water. 
Four fractions were obtained (filtered seawater, > 8000 Da SFUF, 300-8000 Da SFUF and 
< 300 Da SFUF). 
MA9/10 Sample (105 I) i i 
. 1 . 
0.2 lam ashed G F F 
V ^ 
8000 Da ultra-filter Filtered seawater (11.0 I) 
300 Da ultra-filter j Retentate: >8000 Da (1.98 I) 
Z \ 
<300 Da (94.0 I) Retentate: 300-8000 Da (3.92 I) 
Figure 6.1. Ultra-Filtration Procedure for MA9/10 Samples [232 ]. 
6.2.3. River Dodder Isolates 
Natural water organic material for artificial-light incubations was obtained from three 
samples supplied by Dr. J. L. Zhou at the University of Plymouth. The isolates were 
collected in situ from the River Dodder, Republic of Ireland by Dr. M . H . B. Hayes and co-
workers at the University of Birmingham. They used filtration, adsorption chromatography 
(Amberlite XAD-4 and Amberlite XAD-8) and ion exchange chromatography to purify and 
fractionate H-saturated forms o f humic, flilvic and hydrophilic macromolecular acids 
(Figure 6.2). 
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Figure 6.2. In situ Isolation Procedure for River Dodder Isolates [233 ]. 
Each fraction was freeze-dried to allow quantitative preparation of solutions of known 
concentration (DFA and H M A were dissolved in de-ionised water while DHA was 
dissolved in 0.05 M N a O H [234 ]) . The elemental composition (mole % ) , oxygen-to-carbon 
molar ratio and aromaticity of the three Dodder isolates and Aldrich humic acid (AHA) 
determined by Zhou ei al. are shown in Table 6.1. 
Table 6.1. Diagnosis of AHA and River Dodder Isolates (Data from [233]). 
AHA DHA DFA HMA 
C (mole %) 58.84 48.90 44.50 42.27 
H (mole %) 5.04 6.02 6.01 4.86 
O (mole %) 35.30 44.27 48.31 52.03 
N (mole %) 0.82 0.81 1.18 0.84 
0 / C 0.60 0.91 1.09 1.23 
Aromatic C (%) 45 38 29 18 
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6.2.4. Instrumentation 
FI-CL 
The FI-CL system shown in Figure 3.1 was used throughout this chapter. The same 
operating procedures described in Chapter 3 were applied. 
Sealed Silica Tubes 
Sealed silica glass tubes and sintered caps were supplied by Prof Steve Rowland at the 
University of Plymouth. The volume of the tubes varied between 40-50 ml. The tubes were 
used for photochemical generation experiments both at sea and on land. 
Deck Based Incubations 
A silica tube holder was constructed with rigid PVC to secure the tubes while at sea (Figure 
6.3). The tube holder was permanently fixed (using bungee ties) to the boat deck of R.R.S. 
Discovery for the duration of the cruise. The elevated position of the boat deck minimised 
shading during the daytime incubation periods (ca 0900-1800 hrs). 
Rigid PVC 
Figure 6.3. Silica Tube Holder for Deck Based Experiments. 
Artificial Light Source 
An Accelerated Exposure Unit (Suntest CPS, W. C. Heraeus GmbH, Hanau, Germany) was 
used to simulate daylight in the laboratory and photochemically generate H2O2 fi^om a 
variety of water samples. The Suntest CPS unit was equipped with a 1.8 kW xenon-arc 
lamp, optical filter system and sample tray. The spectral radiation intensity of the unit and 
global radiation are shown in Figure 6.4. 
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Figure 6.4. Spectral Radiation Intensity of Suntest CPS (bold line) and global radiation 
daylight phase D 65 (dashed line). 
The xenon lamp (or burner) was installed in a parabolic reflector (Figure 6.5). A reflectively 
coated quartz glass dish was used to transmit UV and visible wavelengths generated by the 
xenon burner but reflect excess IR. 
IR radiaiioD 
UV tod visible 
radiation 
1 Xenon burner 
2 UV mirror 
3 Vifiblc lighi mirror 
4 Quuu-eUss dUh with 
reflecting coating 
5 Additional TUur in UV ipecial 
glaii or ipccial window gUu 
6 Parabolic rencdor 
7 Sample level 
Figure 6.5. Positioning of Xenon Light and other Components within the Suntest CPS. 
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The sample tray allowed five sealed silica glass tubes to be submerged in cooled Milli-Q 
water (3-5 *^ C). The tubes were positioned just below the surface by plastic coated spring 
clips. 
6.2.5. Procedures 
Two types of incubation were investigated: 
/ . Shipboard (Section 6.3.2): Mediterranean samples, ambient sunlight, 5 ml sub-sampling 
fi-om silica tubes at variable time intervals and determination of DOC in unexposed 
samples (one experiment only); 
2. Artificial Light (Section 6.3.3): AHA/Dodder isolates, Xe lamp light source and 5 ml 
sub-sampling from silica tubes at variable time intervals. 
In all incubations the sample was analysed immediately (within 5-10 min) and Kfi^ 
quantified by the standard addition procedure described in Section 4.2.4. The concentration 
of H2O2 in sub-samples (5 ml) was calculated fi-om standard addition data before and after 
the incubation. I f the CL emission was greater than 500 mV, corresponding to the upper 
limit of the linear range of the method (500 nM HjOj) , the sample was diluted with Milli-Q 
water of known HjOj concentration. Dilution of highly concentrated H2O2 solutions was not 
made at sea and the results fi"om these investigations are therefore more qualitative. 
Dissolved organic carbon was determined by two HTCO instruments; an Ionics 555 with 
Binos 100 NDIR-detector (operated by S. Brasse, University of Hamburg) and a Shimadzu 
TOC 5000 with Licor 6252 gas-analyser (operated by A. Miller, Plymouth Marine 
Laboratory). 
The Ionics instrument was only used for experiments carried out at sea. The sample pre-
treatment for Shimadzu-analysed samples involved transfer o f 5 ml to ashed glass ampoules 
and addition of 60 jxl cone. H3PO4 to convert all inorganic species of carbon (e.g. C0^^~, 
HCO3" and H^CO^) to carbon dioxide for subsequent removal by purging with molecular 
nitrogen. All DOC samples were analysed within 24 hrs of delivery. 
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6.3. R E S U L T S AND DISCUSSION 
6.3.1. Experimental Validation. 
The optical similarity of the silica tubes was validated by exposing tubes containing the 
same sample (4.84 m depth. Station MC4/1; 42^ 55.5' N , 04° 29.8' E) to ambient sunlight. 
The resuhs are shown in Figure 6.6. 
Hydrogen Peroxide Generated (nM) 
200 
150 
100 h 
DARK 
200 300 400 500 
Time since beginning of incubation (min) 
600 700 
Tube1 Tube 2 Tubes Tube 4 
— a — 
Figure 6.6. Optical Validation of Silica Tubes at Sea. Tubes were placed in the dark at 480 
mIn. The estimated total incident radiation during the incubation was 290.7 kW m'^. 
The optical characteristics of each tube was identical. The slight decrease in HjOj 
concentration {ca 10 nM) for all four tubes after dark storage and subsequent increase (ca 5 
nM) was attributed to experimental error and not biogeochemical processes in the dark. 
The effect of varying the xenon lamp potentiometer setting was investigated by incubating a 
silica tube containing English Channel water (Figure 6.7). 
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Figure 6.7. Effect of Power Setting on the Photogeneration of H^Oj from Seawater. 
The highest setting, as expected, generated the largest concentration oTHfi^ and reasonable 
correlation between power setting and amount of HjOj photogenerated was obtained (r = 
0.988 for 30 min exposure and r = 0.946 for 60 min exposure). 
The radiation intensity (W m-^) at different potentiometer settings for the Suntest CPS unit 
was determined by L. Ali (University of Plymouth) using a UDT 81 Optometer [235 ] . The 
same operating conditions used in the experiments described in this thesis were applied. 
Radiation intensities corresponding to 25, 50, 75 and 100 % maximum power are shown in 
Table 6.2. 
Table 6.2. Radiation Intensities of the Suntest CPS Xenon Lamp 
at different Power Settings (from [235]) 
P E R C E N T A G E OF 
MAXIMUM POWER 
RADIATION INTENSITY 
(W m-2) 
R S D (%)* 
100 194.0 1.19 
75 187.2 1.30 
50 173.1 1.69 
25 153.3 2.13 
* RSD calculated from variation of radiation intensity at different positions on the sampie tray {n = 7). 
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The relationship was linear (r = 0.9779) and described by the following equation: 
Radiation Intensity (W m'^) = 0.545 x Percentage of Maximum Power + J 42,9 
The positioning of the tubes in the sample tray had no effect on the radiation intensity [235] 
or the amount ofHfi^ photogeneration. 
6.3.2. Shipboard Incubations. 
Six photochemical generation experiments were carried out during Cruise D203 in July 
1993. The first, optical validation of silica tubes, was discussed in Section 6.3.1, the others 
are shown in Figures 6.8-6.13. Each sample was incubated in the dark (amber bottles) at the 
same time as the ambient light incubation to account for dark generation/consumption 
processes. Both generation and consumption of H^Oj occurred during dark incubation of 
the samples and the amount was deducted fi-om the ambient light incubations 
correspondingly. The changes in H2O2 concentration during dark incubations were minor (< 
5 nM H2O2) in comparison to light induced generation (lOO's-lOOO's nM Hfi^. 
A measure of the total incident radiation received during each light incubation was 
approximated by calculating the mean PAR readings (n = 5) at the beginning of the 
incubation, at midday and at the end of the incubation. The calculation procedure was 
similar to that shown in Figure 5.18 for total H^Oj values fi'om depth profile data. 
Hydrogen Peroxide Photogeneration in Contrasting Marine Waters 
Although data was not available to quantify the productivity of the sampled waters it was 
assumed that water close to the Rhone plume was more productive than that distanced fi-om 
the plume. For example, Figure 6.8 shows an ambient light incubation o f two samples each 
fi-om Stations D15/1 (oligotrophic) and MA9/8 (eu/mesotrophic). 
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Tinne since beginning of incubation (min) 
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Figure 6.8. Effect of Water Origin on the Photogeneration of HjOj for Samples from Stations 
D15/1 {oligotrophia 39'> 59.9' N. 06*» 00.6' E) and MA9/8 {RMne ptum&, 43° 17.3' N. 04° 53.5* 
E). The Incubation began at 1030 hrs local time on 23/7/93 and the tubes placed in the dark 
after 360 mIn. The estimated total incident radiation during the incubation was 255.3 kW m'^. 
The surface sample from the Rhone plume station generated by far the greatest quantity of 
HjOj (401 nM in 360 min). Thus, River Rhone derived components increased the 
photochemical generation potential of the water. These photochemically active components 
were assumed to be terrestrially derived humic or fiilvic compounds. The deeper MA9/8 
sample (39.42 m) did not generate high concentrations of H2O2 during the incubation (80.3 
nM in 360 min). Such a stark difference in water type over tens of metres depth was 
supported by differences in other water properties; e.g. the salinity at the river influenced 
surface (1.66 m) was 35.05 PSU but 38.14 PSU at 39.42 m. The lack o f vertical mixing of 
the river influenced surface water and the deeper Mediterranean seawater at MA9/8 would 
therefore result in different H^Oj generation potentials even i f the deeper water received the 
same amount of incident radiation, i.e. the typical vertical profile of surface H2O2 maxima 
followed by a rapid decrease with depth cannot be attributed to attenuation of solar 
radiation through the water column alone. 
The surface D15 sample generated more H2O2 than the deep sample but much less than the 
corresponding surface sample at MA9. The surface D15 sample was therefore less 
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photoreactive and was assumed to contain lower concentrations of the terrestrially derived 
humic and flilvic compounds (i.e. consistent with geographical distance from land). 
Effect of Filtration 
Samples collected at 1.66 m and 39.42 m from Station MA9/8 were used to assess the 
effect of particulate (> 0.45 ^im) and dissolved (< 0.45 | im) components on the 
photochemical generation oTHfl^seawater (Figure 6.9). 
Hydrogen Peroxide Generated (nM) 
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Time since beginning of incubation (min) 
1.66 m (Filtered) 1.66 m (Unfiltered) 39.42 m (Filtered) 39.42 m (Unfiltered) 
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Figure 6.9. Effect of Filtration on the Photogeneration of HjOj (Samples from Station MA9/8; 
43° 17.3' N, 04^ 53.5' E). The incubation began at 1030 hrs local time on 24/7/93 and the 
tubes placed in the dark after 420 min. The estimated total incident radiation during the 
incubation was 279.4 kW m-2 
Particulate matter at the surface increased the photogeneration ofHjO^, while at depth, the 
dissolved fraction (filtered) generated ca 30 nM more HjOj than the particulate and 
dissolved fraction (unfiltered). The result for the surface waters was explained by a portion 
of the particulate fraction containing chromophores (probably soluble compounds 
physically/chemically bound to larger particles) supplementing the generation effect of the 
dissolved chromophores. The diflFerence between the deeper samples was not significant at 
the 95 % confidence interval. 
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Effect of C^s Sep'Pak® Cartridge Treatment 
C,8 Sep-Pak® cartridges (Millipore Corp.) are pre-packed columns filled with 
octadecylcarbon groups bonded to a silica-gel support [236 ] . These cartridges extract 30-
40 % of marine DOC in the upper 400 m and 10-40 % of the DOC in estuarine waters 
[237 , 238 ] . 
An incubation was performed using seawater samples fi-om Station MC4/1 (4.84 m and 
482.1 m depths). One sample fi-om each depth was pumped (2.1 ml min^') through separate 
C,8 Sep-Pak® cartridges and, together with blank seawater solutions, incubated by the 
standard procedure. The results of the incubation are shown in Figure 6.10. 
Hydrogen Peroxide Generated (nM) 
200 
150 h 
100 h 
^ DARK 
50 h 
100 200 300 
Time since beginning of incubation (min) 
400 
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Figure 6.10. Effect of C,g Sep-Pak* Treatment on the Photogeneration of HjOj (Samples from 
Station MC4/1; 42<> 55.5' N. 04<> 29.8' E). The incubation began at 1100 hrs local time on 
27/7/93 and the tubes placed in the dark after 360 min. The estimated total incident radiation 
during the incubation was 243.9 kW m'^. 
No significant diflferences in H j O j generation potential were observed between Sep-Pak® 
treated seawater and the blanks. An explanation for the result was that C,g Sep-Pak® 
cartridges are most efficient at removing organic matter at low pH (ca 2.0) [239 ] and at pH 
ca 8.0 (ambient seawater pH) only hydrophobic constituents of DOM are removed. Thus, 
the hydrophobic constituents of MC4/1 seawater, removed by Sep-Pak® treatment, were 
not photoreactive. 
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Effect of Water Depth 
Two fijrther incubations were performed using samples fi-om different depths (Figures 6.11 
and 6.12). Samples collected near the surface were always found to generate more H2O2 
than the corresponding deep samples (Figures 6.8-6.12). 
Hydrogen Peroxide Generated (nM) 
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Figure 6.11. The Photogeneration of H2O2 for Samples from different Depths at Station D8/2 
(37<> 59.7' N, 01° 58.8' E). The incubation began at 1139 hrs local time on 7/7/93 and the 
tubes placed in the dark after 363 min. The estimated total Incident radiation during the 
incubation was 204.9 kW m'^. 
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Figure 6.12. The Photogeneration of HjO, for Samples from different Depths at Stations D8/2 
(370 59.7' N. 01« 58.8' E) and D15/1 (39'> 59.9' N. 06<> 00.5' E). The incubation began at 1040 
hrs local time on 13/7/93 and the tubes placed in the daric after 420 min. The estimated total 
incident radiation during the incubation was 310.0 kW m'^. 
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An explanation for this phenomenon was that the deeper samples contained lower 
concentrations of the organic chromophores required to photochemically generate H2O2. 
This is in agreement with low concentrations of DOC found in samples collected at depth 
{e.g. [240 ] ) . 
Effect of Total Incident Radiation on the Photogeneration of Hydrogen Peroxide 
Some samples were used in two incubations. The total incident radiation, approximated 
from the PAR data, was used to compare the photogeneration of the same samples on 
separate days (Table 6.3). 
Table 6.3. Effect of Total Incident Radiation on the Photogeneration of Hydrogen Peroxide. 
SAMPLE* [ H A l AT END OF 
LIGHT INCUBATION 
(nM) 
TOTAL INCIDENT 
RADIATION 
(kW m-2) 
MC4/1 4.84 nn #1 144 243.9 
MC4/1 4.84 m #2 166 290.7 
D15/1 18.54 m#1 153 310.0 
D15/1 18.54 m #2 124 255.3 
D15/1 2789 nn#1 58.7 255.3 
D15/1 2789 m #2 51.6 310.0 
MA9/8 1.66 m #1 401 255.3 
MA9/8 1.66 m #2 533 279.4 
MA9/8 39.42 m #1 80.3 255.3 
MA9/8 39.42 m #2 107 279.4 
D8/1 4.30 m #1 194 204.9 
D8/1 4.30 m #2 107 310.0 
D8/1 2407 m #1 119 204.9 
D8/1 2407 m #2 68.0 310.0 
#1 samples were fresher than #2 samples. 
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For some samples an increase in total incident radiation increased the photogeneration of 
H2O2, e.g. the concentration of H2O2 generated fi-om the MC4/1 sample increased from 144 
nM to 166 nM when the total incident radiation increased from 243.9 kW m"^ to 290.7 kW 
m ' l However, for three samples (D15, 2789 m; D8/1, 4.30 and 2407 m) the concentration 
of H2O2 decreased when the total incident radiation increased. A possible explanation for 
this dichotomy was that age reduced the photoreactivity of the seawater, but for some 
samples (i.e. those from MC4/1 and MA9/8), the older seawater generated more H2O2 than 
the younger seawater. No conclusions could therefore be drawn from these results. 
Effect of Molecular Size 
The effect of molecular size of the dissolved organic matter on the generation potential of 
H2O2 in seawater was investigated by incubating ultra-filtrated samples (procedure 
described in Section 6.2.2). Supporting data was supplied by the determination of DOC (by 
two instruments and two groups o f analysts) in each SFUF and the total filtered seawater 
sample (Table 6.4). 
The percentages of total DOC for each SFUF agree well. The following mean data were 
calculated (w = 2): 
. > 8000 Da SFUF: 4.86%, 
• 300-8000 Da SFUF: 24.5 %, 
• < 300 Da SFUF: 62.1 % and 
• overall recovery: 91.5 %. 
The > 8000 Da and 300-8000 Da SFUF's were super-concentrated, i.e. they were the 
retentates of 94.0 1 of filtered seawater which were re-dissolved in Milli-Q water (1.98 and 
3.92 I respectively). The following volume corrections were made: 
. > 8000 Da SFUF; 1.98/94.0 x [R^Oj] and 
• 300-8000 Da SFUF; 3.92/94.0 x [ H 2 O J . 
The H2O2 generation data and recoveries for the incubation are shown in Table 6.5. 
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Table 6.4. DOC Concentration and Recovery Data for Ultra-Filtrated Samples. 
SAMPLE SAMPLE 
VOLUME (1) 
[DOC] (mg M) TOTAL DOC (mg) PERCENTAGE OF TOTAL DOC 
(%) 
lONICSa ; SHIMADZUb IONICS SHIMADZU IONICS SHIMADZU 
Total filtered 
seawater 
105 2.25 1.31 236 138 - -
> 8000 Da 
SFUF 
1.98 5.35 3.64 10.6 7.21 4.49 5.22 
300-8000 Da 
SFUF 
3.92 14.9 8.58 58.4 33.6 24.7 24.3 
< 300 Da 
SFUF 
94.0 1.66 0.852 156 80.1 66.1 58.0 
RECOVERY % 
instrument operated by S. Brasse. University of Hamburg, ^ Instrument operated by A. Miller. Plymouth Marine Laboratory. 
Table 6.5. Hydrogen Peroxide Generation and Recovery Data for the SFUF Incubation 
(volume corrected). Tubes placed in the dark after 540 min. 
TIME 
(MIN) 
HjOj G E N E R A T E D (nM) R E C O V E R Y 
(%) FILTERED 
SEAWATER 
> 8000 Da 
S F U F 
300-8000 
Da S F U F 
< 300 Da 
S F U F 
0 0 0 0 0 -
60 47.6 1.94 24.0 18.9 94.4 
120 125 5.20 66.5 67.6 112 
180 173 9.25 125 91.2 130 
240 222 12.7 168 117 134 
300 267 17.3 192 99.3 115 
420 347 25.3 206* 101 95.8 
540 427 30.8 206* 130 85.9 
600 432 31.5 206* 116 81.8 
660 425 31.3 206* 125 85.3 
• off scale; see text betow. 
An additional correction was required to compensate for the 300-8000 Da SFUF. The 
amount of HjOj generated by the 300-8000 Da SFUF after 300 min was off-scale (CL 
emission > 12 V). The filtered seawater sample contained all the components contained in 
the size-fi-actions studied (i.e. > 8000 Da and < 300 Da) so estimates o f the Hfl^ generated 
fi-om the 300-8000 Da SFUF after 300 min were made by assuming 100 % recovery; e.g. 
after 420 min the concentration of H jOj generated fi-om the filtered seawater sample was 
347 nM; the total generated by the SFUF's should also be 347, therefore the calculated 
concentration generated by the 300-8000 Da SFUF was 347-25.3-101 = 221. This was 
judged to be a reasonable assumption as the average recovery for the incubation between 
60-300 min was ca 117 %. The calculated concentrations generated by the 300-8000 Da 
SFUF after 300 min are shown in Table 6.6 and the results fi-om the incubation in Figure 
6.13. 
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Table 6.6. Calculated Concentrations of 300-8000 Da SFUF after 300 min. 
TIME (min) CALCULATED [H^OJ (nM) 
420 221 
540 266 
600 285 
660 269 
Volume Corrected [Hydrogen Peroxide] (nM) 
500 
400 h 
300 h 
200 h 
100 h 
200 300 400 500 
Time since beginning of incubation (min) 
600 700 
Filtered Seawater > 8000 Da 300-8000 Da < 300 Da Calculated Concentration 
• • * B 
Figure 6.13. Photogeneration of Hydrogen Peroxide in Filtered Seawater and in SFUF's 
(samples from 1.64 m depth at Station MA9/10; 43° 16.6' N, 04° 52.8' E). The incubation 
began at 0930 hrs local time on 29/7/93 and the tubes placed in the dark after 540 min. See 
text for explanations of volume correction and calculated concentration for 300-8000 Da ultra-
fittrate. The estimated total incident radiation during the incubation was 303.3 kW m'^. 
All samples generated HjOj but appreciable differences between the SFUF's were found. 
Summary data for the incubation at 540 min is shown in Table 6.7. 
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Table 6.7. Summary Data for Size Fractionated Shipboard Incubation at 540 min. 
SAIV1PLE % TOTAL 
DOC 
% TOTAL 
G E N E R A T E D 
HA 
HA 
GENERATION 
RATE 
(nM h-') 
HA 
GENERATION 
RATE* 
(nM mgC-' h"') 
Filtered 
Seawater 
- - 47.4 0.25 
> 8000 Da 
S F U F 
4.86 7.21 3.42 0.38 
300-8000 Da 
S F U F 
24.5 62.3 29.6 0.64 
< 300 Da 
S F U F 
62.1 30.4 14.4 0.12 
* Using mean (n = 2) total DOC data (Table 6.4). 
From the data presented the most notable result was that the 300-8000 Da SFUF generated 
62.3 % of the total HjOj generated by the filtered seawater while only accounting for 24.5 
% of the total DOC determined in the seawater sample. In addition, the 300-8000 Da SFUF 
had by far the highest generation rate (0.64 nM mgC'^ h^'). Two important deductions were 
made fi'om these results: 
J. the majority of the most efficient HjO^-generating chromophoric molectdes were 300-
8000 Da in size and 
2. the concentration of DOC does not directly correspond to the amount of Hfi^ 
generated. 
The type of dissolved material expected in this Rhone plume SFUF responsible for the 
majority of HjOj generation were flilvic and low molecular weight humic acids and a variety 
of substituted and unsubstituted aromatic and medium-to-long chain aliphatic compounds. 
Very little dissolved inorganic material was expected in this SFUF. 
Material contained in the < 300 and > 8000 Da SFUF's were not as efficient at 
photogenerating H^O. as the 300-8000 Da SFUF. The < 300 Da SFUF accounted for 62.1 
% of the total DOC in the seawater sample and 30.4 % of the total HjOj generated but gave 
the lowest H2O2 generation rate (0.12 nM mgC"' h->). This SFUF was expected to be 
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comprised of a variety of low molecular weight inorganic and organic species; e.g. nitrates, 
carbohydrates, hydrogen carbonates and short chain aliphatics. The > 8000 Da SFUF 
contained 4.86 % of the total DOC and was responsible for only 7.21 % of the total H2O2 
generated but the generation rate was higher than that of the < 300 Da SFUF and filtered 
seawater (0.38 nM mgC"' h"'). The type of material included in this SFUF were terrestrial 
and marine polymeric compounds, e.g. large molecular weight humic acids [5]. These 
species are usually highly residual but results from this incubation indicate that they were 
moderately photoreactive. 
Of the possible species expected to be present in the surface sample the most likely 
dissolved organic chromophores were judged to be terrestrially derived fulvic and humic 
compounds (low/medium molecular weight humics). These constituents are recognised to 
play an important role in many natural water photochemical processes as light absorbing 
matter (see e.g. [36]). 
6.3.3. Art i f icial Light Incubations. 
The H2O2 generation efficiency of different groups of natural organic compounds (River 
Dodder isolates) and APIA were investigated by exposing varying concentrations of the 
samples to the artificial light source for 240 min at fiill power (194.0 W m-^). Sub-samples 
were taken every 30/60 min for R^Oj determination. The results are shown in Figures 6.14-
6.17. The H2O2 photogeneration rates were calculated at the end of each incubation (240 
min) and shown below each Figure. 
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Figure 6.14. Photogeneration of HjOj by AHA. 
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Figure 6.16. Photogeneration of HjO, by DHA 
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Figure 6.16. Photogeneration of HjOj by DFA. 
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Figure 6.17. Photogeneration of HjOj by HMA. 
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All the organic fractions studied generated reasonably high concentrations of H^Oj during 
the incubations (c./ natural samples incubated at sea; Section 6.3.2) and the concentration 
of organic matter in the prepared solutions were reasonably low; e.g. 1.0 ppm of AHA = 49 
| i M DOC (c./ concentrations of DOC determined in the western Mediterranean, Section 
5.3.5; and the Tamar Estuary [208]). The data from these experiments were in good 
agreement with the results of the SFUF incubation in Section 6.3.2 (i.e. H jOj 
photogeneration was dominated by humic and flilvic compounds with molecular weight of > 
300 Da and in particular 300-8000 Da). 
The sum of all the HjOj generation rates for each organic fraction at 240 min gave the 
following H2O2 generation potential rankings: 
AHA(1570) > DHA(1220) > HMA(956) > DFA(691) 
The commercially available AHA and the Dodder humic isolate were most efficient at 
generating H^Oj. The HMA and the fiilvic isolate were not as photochemically active. 
Increasing the concentration of organics in the sample similarly increased the H^Oj 
generation rate. The H2O2 generation rate was reasonably well correlated (r = 0.9411-
0.9915) with the concentration of organic matter (Figure 6.18). 
Hydrogen Peroxide Generation Rate (nM h-1) 
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Figure 6.18. Effect of Organic Matter Concentration on the HjOj Photogeneration Rate 
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6.4. CONCLUSIONS 
1. Hydrogen peroxide is photochemicaJly generated from all incubated samples. 
2. Surface seawater samples contain higher concentrations of H,02 generating organic 
chromophores than deeper samples. 
3. The most efficient H2O2 generating molecular size fraction in surface seawater from 
the western Mediterranean is the 300-8000 Da SFUF and compounds with molecular 
weight < 300 Da are highly inefficient. 
4. Humic acids are more efficient at generating H^O. than hydrophilic macromolecular 
and fiilvic acids. 
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Chapter 7 
General Conclusions and 
Suggestions for Future Work 
7.1. G E N E R A L CONCLUSIONS 
In addition to the specific conclusions at the end of each chapter, the following general 
conclusions can be drawn fi-om the work presented in this thesis; 
1. Flow injection is compatible with CL detection for the determination ofHjO^. The limit 
of detection is 10 nM and the linear range is 10-500 nM. 
2. The developed method is perfectly suited to the in situ determination of H jO , in 
seawater samples using a standard additions procedure. Hydrogen peroxide depth 
profiles exhibit characteristic surface maxima which are affected by the amount of 
incident irradiation, physical mixing processes and seawater composition. 
3. FI-CL methods are fijlly recommended for use as simple and effective field-based 
monitors. They are very inexpensive and robust enough to withstand transport and 
subsequent deployment. Simple chemistries exist for a number of inorganic and organic 
species to allow rapid and reproducible analyses. 
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7.2. SUGGESTIONS F O R F U T U R E W O R K 
Possible future work arising from this research can be divided into three separate areas: 
Determination of HjO^ in Seawater 
• Application of the FI method with state-of-the-art CCD detection. This would allow 
wavelength discrimination to fully investigate the luminol-CL mechanism and to 
improve sensitivity. 
• Application to monitoring sewage effluent. Mixtures of H^Oj and acetic acid are 
occasionally added in tertiary sewage treatment to kill micro-organisms. The sewage 
outflow, and surrounding plume, could be regularly sampled for HjOj to examine 
temporal and spatial variations in concentration and detect elevated concentrations of 
H^Oj (i.e. in the event o f adding excess H^O^). 
F I - C L Monitors 
• Application of similar FI-CL methods to the determination of other species of interest in 
the marine environment. For example, chromium, copper and iron also catalyse the 
luminol reaction and may be selectively determined using preconcentration methods (see 
Section 1.5.2). Advantages of field monitors using FI coupled with CL detection include 
rapid analysis, high repeatability/reproducibility, robustness, compactness, compatibility 
to data acquisition/storage/transfer facilities and low cost of components and running 
costs. Determination o f trace metals to provide in situ concentration and speciation 
information would be o f great use to the marine scientific community for elucidation of 
coastal and oceanic biogeochemical processes. Anthropogenic inputs of trace metals 
could also be traced for river and estuarine monitoring schemes. Examples o f other 
species of interest easily determined by FI-CL methods are given in Table 1.10. 
• Further development of field-based FI-CL monitors to establish reliable submersible 
systems capable of "true" in situ deployment. No remote sampling would be required 
and the species of interest would be mapped in "real-time". Deployments could be buoy 
or CTD mounted and accommodate several chemistries in-tandem with sophisticated 
automation and communication technology. An interesting application would be the in 
situ deployment at km depths for mapping and tracing of species in hydrothermal vent 
plumes (e.g. manganese or hydrogen sulfide). 
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Biogeochemical Importance of H^Oj 
Hydrogen peroxide is a highly reactive marine species and is involved in a number of 
biogeochemical processes in seawater (see Chapter 1). The following studies are proposed 
for future investigations: 
• The photochemical degradation of DOC and its impact on the oceanic carbon cycle has 
been reported elsewhere [241 -245 ] but methods to obtain exact ambient consumption 
rates are inherently difficult. Future work investigating the photogeneration ofUfi^ and 
corresponding variations in DOC concentration may allow the change in H^O, 
concentration to be used as a surrogate for the photodegradation rate of DOC. Field 
based experiments would be essential. 
• Laboratory studies and redox calculations to evaluate the effect of typical 
concentrations of H jOj at the sea-surface (ca 100-200 nM) on the redox chemistry o f a 
number of biogeochemically important trace metals (e,g. chromium, copper, iron, 
nickel). Field based investigations would follow to substantiate results in synthetic 
matrices. 
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Appendices 
Appendix One 
8052 Micro-co/Uroller BASIC program 
10 
2C 
30 
40 
50 
60 
70 
80 
90 
REM I n j e c t i o n C y c l e 
XBY(58371) = 128 
LOWMEM = 16384 : HIMEM = 32768 
XBY(58368) = 33 
= 32 
= 96 
= 0 TO 8000 : NEXT DELAY 
= 33 
= 32 
= 0 TO 15000 : NEXT DELAY 
= 33 
XBY(58368) 
XBY(58368) 
FOR DELAY 
XBY(58368) 
XBY(58368) 
100 FOR DELAY 
110 XBY(58368) 
120 GOTO 40 
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Appendix 2 . CTD Sample Data cmise 0203 
C a s t N o : B G C • B iopt ic C T D N o : D 1 0 3 X 0 0 7 
D a l e : 0 3 - 0 7 - 9 3 T i m e : 2 0 : 3 5 G M T 
L a t : 3 5 5 7 . e O N L o n : 5 4 8 . 3 9 W bottom D e p t h : 2 7 8 M e t r e s 
N o . D e p t h Sal in i ty T e m p P - T e m p O x y g e n A O U R u o r O o v m w . H y d r o g e n 
E l e c t r o d e Irrad P e r o x i d e 
(M) ( 0 /00 ) ( D e g . C ) ( D e g . C ) (uM) ( u M 0 2 ) ( R e t . U n i t s ) (in) (nM) 
1 2 5 8 . 7 0 3 8 . 0 9 5 0 1 3 . 4 9 5 9 1 3 . 4 5 8 0 2 1 7 . 5 3 9 4 3 9 . 2 2 8 9 1 7 . 9 8 2 3 3 . 0 5 6 7 < 10 .6 
2 2 0 8 . 1 7 3 7 . 9 8 7 7 1 3 . 5 8 0 7 1 3 . 5 5 0 1 2 1 5 , 4 4 7 0 4 1 . 0 5 2 9 1 5 . 0 7 1 5 3 . 0 6 6 4 < 1 0 . 6 
3 1 7 9 . 9 0 3 7 . 9 8 7 7 1 3 . 5 6 8 8 1 3 . 5 4 2 5 2 1 9 . 0 4 6 6 3 7 . 5 1 4 7 1 6 . 9 9 1 8 3 . 0 7 3 7 < 1 0 . 6 
4 143 .21 3 7 . 8 0 8 0 1 3 . 7 3 5 7 1 3 . 7 1 4 6 2 1 4 . 5 2 0 1 4 1 . 4 6 4 9 2 2 , 8 7 1 6 3 . 0 7 7 9 < 10 .6 
5 1 2 3 . 4 7 3 7 . 0 1 2 2 1 4 . 4 6 0 7 1 4 . 4 4 2 1 2 3 3 . 0 9 8 1 2 0 . 4 3 9 7 1 9 . 9 6 5 0 3 . 0 7 8 6 < 10 .6 
6 1 0 3 . 0 8 3 6 . 8 3 6 6 1 4 . 6 4 4 5 1 4 . 6 2 8 8 2 4 0 . 8 7 0 7 1 2 . 0 1 4 9 2 4 . 5 6 5 1 3 . 0 7 6 2 < 10 .6 
7 8 4 . 5 9 3 6 . 6 8 2 6 1 4 . 8 1 5 3 1 4 . 8 0 2 4 2 3 7 . 9 3 9 7 1 4 . 3 2 8 4 2 1 . 7 4 1 4 3 . 0 7 3 7 < 10 .6 
8 6 3 . 9 0 3 6 . 2 5 6 3 1 5 . 5 5 4 1 1 5 . 5 4 4 1 2 5 0 . 7 8 6 4 -1 .5171 3 1 . 4 8 9 9 3 . 0 7 1 3 18 .7 
9 5 3 . 4 2 3 6 . 2 7 9 9 1 6 . 0 5 2 0 1 6 . 0 4 3 4 2 6 0 . 7 7 7 2 - 1 3 . 9 5 6 3 5 5 . 7 4 0 2 3 . 0 6 8 7 20.1 
10 4 4 . 1 3 3 6 . 2 8 0 8 1 6 . 2 2 8 2 1 6 . 2 2 1 1 2 6 6 . 7 7 1 4 - 2 0 . 7 9 5 4 6 5 . 2 8 8 3 3 . 0 6 4 0 2 3 . 3 
11 2 4 . 8 6 3 6 . 3 0 0 0 1 6 . 4 5 1 4 1 6 . 4 4 7 4 2 6 5 . 7 2 4 7 - 2 0 . 8 3 8 2 8 5 . 7 9 8 2 3 . 0 5 8 8 24 .7 
12 1 3 . 8 5 3 6 . 4 3 4 2 1 7 . 9 2 1 4 1 7 . 9 1 9 0 2 7 0 . 7 6 1 6 - 3 2 . 8 4 5 2 4 5 . 7 0 9 3 3 . 0 5 4 2 46.1 
N o : D5-1 B G C C T D No; D I 0 3 X 0 0 9 
) a t e : 0 4 - 0 7 - 9 3 T i m e : 0 6 : 0 5 G M T 
L a t : 3 6 i . o e N L o n ; 5 2 1 . 7 2 W k i t t o m D e p t h : 8 2 7 M e t r e s 
N o . D e p t h Sal in i ty T e m p P - T e m p O x y g e n A O U F luor D o w n w . H y d r o g e n 
E l e c t r o d e Irrad P e r o x i d e 
(M) ( 0 /00 ) ( D e g . C ) ( D e g . C ) (uM) ( u M 0 2 ) ( R e l . U n r t s ) (In) (nM) 
1 7 7 0 . 1 4 3 8 . 4 5 9 2 1 3 . 0 4 2 8 1 2 , 9 2 9 8 2 1 7 . 4 6 7 8 4 1 . 0 8 4 0 1 2 . 6 5 8 1 3 . 0 8 3 2 < 1 0 . 6 
2 6 0 3 . 7 7 3 8 . 4 7 3 2 1 3 . 0 9 4 1 1 3 . 0 0 5 8 2 1 7 . 9 1 4 1 4 0 . 3 4 5 2 1 3 . 6 7 8 4 3 . 0 8 5 9 < 10 .6 
3 4 0 5 . 1 8 3 8 . 4 7 6 2 1 3 . 0 8 3 4 1 3 . 0 2 4 7 2 1 7 . 2 4 4 3 4 1 . 0 6 6 3 1 0 . 4 5 5 1 3 . 0 8 5 9 < 1 0 . 6 
4 3 0 5 . 2 2 3 8 . 4 7 0 4 1 3 , 2 0 3 1 1 3 . 1 5 8 8 2 0 4 . 1 1 8 8 5 3 . 5 7 3 3 9 . 5 7 8 6 3 . 0 8 5 9 < 10 .6 
5 2 0 3 . 0 6 3 8 . 3 8 7 2 1 3 . 1 4 2 8 1 3 . 1 1 3 5 2 0 0 . 7 7 2 5 5 7 . 3 6 9 7 1 0 . 6 4 9 5 3 . 0 8 5 9 < 1 0 . 6 
6 1 5 3 . 3 0 3 8 . 3 4 6 2 1 3 . 1 6 4 0 1 3 1 4 1 9 2 0 6 . 6 2 5 7 5 1 . 4 7 1 6 9 . 1 5 8 3 3 . 0 8 5 9 < 1 0 . 6 
7 104 .11 3 8 . 2 5 7 5 1 3 . 2 9 1 7 1 3 . 2 7 6 6 2 1 4 . 9 9 8 8 4 2 . 5 7 2 7 6 . 4 7 0 9 3 . 0 8 5 5 < 1 0 . 6 
B 8 2 . 6 0 3 8 , 2 4 7 2 1 3 . 3 1 4 4 1 3 . 3 0 2 5 2 1 8 . 3 1 0 3 3 9 . 1 5 9 0 1 5 . 6 3 0 7 3 . 0 7 8 6 < 1 0 . 6 
9 6 4 . 2 2 3 8 . 1 5 7 2 1 3 . 4 7 0 8 1 3 , 4 6 1 5 2 1 8 . 5 9 0 4 3 8 . 2 0 8 4 2 1 . 1 9 6 6 3 . 0 4 8 5 13 .3 
1 0 5 3 . 7 0 3 7 . 9 2 8 9 1 3 . 9 6 0 9 1 3 . 9 5 3 0 2 2 2 . 6 1 7 2 3 2 . 0 1 9 1 5 4 . 1 7 4 9 2 . 9 5 0 2 1 6 . 3 
11 3 3 . 6 7 3 7 . 3 7 3 5 1 4 . 4 4 6 6 1 4 . 4 4 1 5 2 3 6 . 6 9 7 7 1 6 . 3 4 6 0 3 . 0 8 0 6 0 .9391 17 
12 1 4 . 6 7 3 6 . 8 9 0 5 1 5 . 4 0 5 5 1 5 . 4 0 3 2 2 4 5 . 3 8 7 7 3 . 6 4 0 0 1 0 . 9 4 5 9 0 . 6 8 8 4 19 .8 
N o : D 8 - 2 B G C C T D No: D I 0 3 X 0 1 5 
) a i e : 0 6 - 0 7 - 9 3 T i m e : 1 5 : 5 6 G M T 
L a t : 37 5 9 . 6 7 N L o n : 1 5 8 . 7 8 E tottom D e p t h : 2 4 4 0 M e t r e s 
N o . D e p t h Sal in i ty T e m p P-Tenrip O x y g e n A O U F luor D o w n w . H y d r o g e n 
E l e c t r o d e Irrad P e r o x i d e 
(M) ( 0 / 0 0 ) ( D e g . C ) ( D e g . C ) (uM) ( u M 0 2 ) ( R e l . U n i t s ) (In) (nM) 
1 2 4 0 6 . 5 4 3 8 . 4 3 0 9 1 3 . 1 6 7 6 1 2 . 7 9 2 4 2 2 4 . 3 8 6 1 3 3 . 5 5 5 8 0 . 7 9 8 7 0 . 0 0 0 0 < 1 0 . 6 
2 1 8 0 0 . 3 8 3 8 . 4 3 0 2 1 3 . 0 7 0 8 1 2 . 7 9 6 8 2 2 5 . 3 4 4 8 3 3 . 1 0 6 5 1 .0981 0 . 0 0 0 0 < 10 .6 
3 1 2 0 V 6 2 3 8 , 4 2 7 6 1 2 . 9 8 7 9 1 2 . 8 0 9 4 2 1 8 . 9 4 4 4 3 9 . 9 4 8 2 0 . 8 8 1 3 0 . 0 0 0 0 < 1 0 . 6 
4 8 0 2 . 2 6 3 8 . 4 5 5 7 1 3 . 0 4 5 8 1 2 . 9 2 8 0 2 1 0 . 6 3 7 3 4 7 . 9 0 4 5 0 . 7 3 0 1 0 . 0 0 0 0 < 1 0 . 6 
5 6 0 2 . 8 2 3 8 . 4 8 2 8 1 3 . 1 3 2 2 1 3 . 0 4 4 0 2 0 8 . 3 7 5 0 4 9 . 6 6 8 6 0 . 9 2 4 0 0 . 0 0 0 0 < 1 0 . 6 
6 3 5 4 . 2 6 3 8 . 5 4 5 8 1 3 . 4 5 5 7 1 3 . 4 0 3 5 1 9 8 . 6 9 9 6 5 7 . 5 5 6 2 0 . 7 0 3 9 0 . 0 0 0 0 < 1 0 . 6 
7 2 7 3 . 7 7 3 8 . 5 0 3 7 1 3 4 4 9 6 1 3 . 4 0 9 4 1 9 8 . 0 5 5 4 5 8 . 2 9 9 2 1 . 4 0 4 2 0 . 0 0 0 0 < 1 0 . 6 
8 140 .91 3 8 . 1 8 6 3 1 3 . 1 2 0 5 1 3 . 1 0 0 3 2 3 2 . 4 7 9 2 2 6 . 1 0 4 9 1 . 9 7 4 9 0 . 0 0 0 0 < 1 0 . 6 
9 6 8 . 3 5 3 7 . 7 7 4 3 1 4 . 2 3 9 0 1 4 . 2 2 8 7 2 6 0 . 6 1 6 1 - 7 . 1 5 1 3 3 5 . 6 8 5 5 0 . 0 0 0 0 < 1 0 . 6 
10 39 .91 3 7 2 7 0 9 15 .4331 1 5 . 4 2 6 9 2 8 7 . 7 9 0 7 - 3 9 , 4 7 8 4 9 . 3 7 5 7 0 . 0 0 0 0 3 5 . 7 
11 2 4 . 9 3 3 7 . 1 1 1 1 2 0 . 0 4 0 8 2 0 . 0 3 6 1 2 5 2 . 7 9 5 5 - 2 4 . 9 6 2 9 2 . 4 9 2 4 0 . 0 0 0 0 4 7 . 7 
12 4 . 3 0 3 7 . 1 1 1 3 2 3 . 1 8 4 2 2 3 . 1 8 3 3 2 2 4 . 8 8 9 1 - 9 . 4 3 8 3 1 . 7 3 8 5 0 . 0 0 0 0 104 
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C a s t N o : D9-1 B G C 
D a l a : 0 7 - 0 7 - 9 3 
C T D N o : O I 0 3 X 0 1 9 
• n n i e : l i : 3 i G M T 
L a t : 3 8 4 1 . 7 0 N L o n : 4 4 1 . 5 7 E 3ottom O e p l h : 2 6 0 7 M e t r e s 
Bottio N o . D e p t h Sal in i ty T e m p P - T e m p O x y g e n A O U F luor D o w n w . H y d r o g e n 
E l e c t r o d e Irrad P e r o w d e 
(M) ( 0 / 0 0 ) ( D e g . C ) ( D e g . C ) (uM) ( u M 0 2 ) ( R e l . Un i ts ) (In) (nM) 
1 2 6 0 7 . 2 1 3 8 . 4 2 5 9 1 3 . 2 0 2 8 1 2 . 7 9 3 1 2 1 9 . 5 9 1 0 3 8 . 1 7 4 4 4 , 2 2 3 5 0 . 0 0 0 0 < 1 0 . 6 
2 1 2 0 0 . 6 4 3 8 . 4 2 8 9 1 3 . 0 0 9 5 1 2 . 8 3 1 0 2 1 4 . 0 5 3 2 4 4 . 7 2 3 1 3 . 1 4 7 3 0 . 0 0 0 0 < 1 0 . 6 
3 6 0 2 . 3 3 3 8 . 4 9 7 0 1 3 . 2 2 5 2 1 3 . 1 3 6 6 2 0 1 . 7 6 8 7 5 5 . 7 6 5 3 2 . 4 8 4 0 0 . 0 0 0 0 < 1 0 . 6 
4 4 5 1 . 7 6 3 8 . 5 2 2 8 1 3 . 3 6 7 9 1 3 . 3 0 1 4 2 0 0 . 8 6 9 7 5 5 . 8 7 8 7 2 . 1 9 2 2 0 . 0 0 0 0 < 1 0 , 6 
5 2 2 5 . 8 4 3 8 . 1 5 7 0 1 3 . 0 0 2 7 1 2 . 9 7 0 4 2 3 8 . 4 1 5 9 2 0 . 8 3 7 0 3 . 7 2 3 8 0 . 0 0 0 0 < 1 0 . 6 
6 1 5 4 . 1 8 3 7 . 9 6 6 1 1 3 . 4 7 8 0 1 3 , 4 5 5 5 2 3 4 . 0 5 9 3 2 3 . 0 0 8 2 3 . 2 3 6 4 0 . 0 0 0 0 < 1 0 . 6 
7 1 0 7 . 2 5 3 7 . 5 3 9 1 1 3 . 9 4 9 4 1 3 . 9 3 3 5 2 4 2 . 1 7 1 4 1 3 . 1 4 0 9 1 2 . 9 9 3 2 0 . 0 0 0 0 < 1 0 . 6 
8 6 6 . 5 3 3 7 . 3 3 3 4 1 4 . 0 3 3 5 1 4 . 0 2 0 7 2 6 0 . 1 2 6 8 - 4 . 9 1 9 8 1 9 . 4 3 1 7 0 , 0 0 0 0 1 5 . 2 
9 6 1 . 5 3 3 7 . 2 8 5 4 1 4 . 5 8 0 1 1 4 . 5 7 0 7 2 5 9 . 5 1 4 7 - 7 . 0 0 5 5 5 1 . 5 6 6 0 0 . 0 0 0 0 10 .6 
1 0 4 4 . 6 5 3 7 . 1 4 9 4 1 5 . 6 5 8 7 1 5 . 6 5 1 6 2 7 3 . 1 1 0 4 - 2 5 . 7 0 8 1 7 . 3 5 2 7 0 . 0 0 0 0 2 2 . 6 
11 3 0 . 1 0 3 7 . 0 8 8 5 1 7 . 2 0 9 7 1 7 . 2 0 4 6 2 7 1 . 1 1 2 0 - 3 0 . 9 1 4 2 5 . 3 4 0 6 0 . 0 0 0 0 33 .4 
12 1 4 . 2 3 3 7 . 2 1 5 0 2 3 . 5 5 5 7 2 3 . 5 5 2 7 2 1 4 . 4 4 9 2 - 0 . 5 0 8 0 3 . 8 5 4 6 0 . 0 0 0 0 5 6 . 2 
C a s t N o : D10-1 B G C C T D N o 0 1 0 3 X 0 2 2 
D a t e : 0 9 - 0 7 - 9 3 T tme: 0 5 ; 0 2 G M T 
L a i ; 3 5 5 0 . 0 9 N L o n ; 11 1 5 . 1 5 E Bottom D e p t h : 4 6 0 M e t r e s 
Bott le N o . DepUi Sa l in i ty T e m p P - T e m p O x y g e n A O U F luor O o w n w . H y d r o g e n 
E l e c t r o d e Irrad P e r o x i d e 
(M) ( 0 /00 ) ( D e g . C ) ( O e g . C ) (uM) ( u M 0 2 ) (Ret . U n i t s ) (In) (nM) 
1 4 3 7 . 6 5 3 8 . 6 6 6 1 13 ,7981 1 3 . 7 3 2 3 2 1 8 . 4 6 1 0 3 5 . 8 4 1 8 2 . 3 7 9 4 3 . 0 5 0 6 < 1 0 . 6 
2 3 5 2 . 9 3 3 8 . 6 4 4 3 1 3 , 7 5 6 6 1 3 . 7 0 3 8 2 1 1 . 6 7 1 8 4 2 . 8 7 8 1 1 . 3 7 4 9 3 . 0 6 4 0 < 1 0 . 6 
3 3 0 3 . 3 9 3 8 . 6 7 3 1 1 3 . 6 9 8 6 1 3 . 8 5 3 0 2 1 8 . 0 4 2 7 3 5 . 7 3 6 5 1 . 9 3 2 3 3 . 0 6 8 8 < 1 0 . 6 
4 2 5 3 . 5 4 3 8 . 6 7 5 8 1 4 . 0 2 5 0 1 3 . 9 8 6 7 2 2 4 . 9 9 6 8 2 8 . 1 3 6 4 1 . 7 4 5 7 3 . 0 7 1 3 < 1 0 . 6 
5 2 0 4 . 0 8 3 8 . 5 9 1 3 1 4 . 1 8 7 8 1 4 . 1 5 6 9 2 2 2 . 2 1 7 0 3 0 . 2 2 6 1 4 . 0 7 6 5 3 . 0 7 3 7 < 1 0 . 6 
6 1 5 3 . 9 4 3 8 . 1 5 4 2 1 3 . 9 9 7 9 1 3 . 9 7 4 8 2 4 4 . 3 8 7 2 9 . 7 0 4 9 2 . 8 6 9 8 3 . 0 7 1 3 < 1 0 . 6 
7 1 2 3 . 7 0 3 7 . 6 6 0 0 1 4 . 1 1 0 3 1 4 . 0 9 1 8 2 4 9 . 8 1 2 4 4 . 4 8 6 1 6 . 0 7 6 6 3 . 0 6 4 3 < 1 0 . 6 
e 9 4 . 3 7 3 7 . 3 9 4 2 1 4 . 5 0 5 8 1 4 . 4 9 1 5 2 5 4 . 4 0 5 0 - 1 . 6 9 2 2 1 8 . 0 1 1 7 3 . 0 3 1 4 1 1 . 9 
9 8 2 . 0 8 3 7 . 1 7 4 4 1 4 . 9 0 8 5 1 4 . 8 9 5 8 2 5 9 . 8 3 8 2 - 6 . 7 9 7 1 1 7 . 5 6 7 5 1 . 4 7 2 0 14.1 
10 5 4 . 7 0 3 7 . 0 8 3 7 1 5 . 5 4 6 0 1 5 . 5 3 7 3 2 6 8 . 8 1 8 9 - 2 0 . 7 7 0 6 7 . 3 8 6 9 0 . 9 1 5 8 14 
11 3 4 . 6 7 3 7 . 0 2 5 9 1 6 . 9 3 6 5 1 6 . 9 3 0 7 2 5 9 . 2 8 0 2 - 1 7 , 7 3 5 0 6 . 7 2 6 2 0 , 6 4 6 0 1 6 . 6 
12 1 4 . 5 0 3 7 . 1 1 1 8 2 3 . 2 5 0 5 2 3 . 2 4 7 4 2 2 4 . 7 3 1 5 - 9 . 5 2 9 2 5 . 1 2 3 8 0 . 3 7 0 4 3 3 . 7 
C a s t N o : 0 1 0 - 2 Biopttc C T D N o : 0 1 0 3 X 0 2 3 
D a t e : 0 9 - 0 7 - 9 3 T i m e : 0 6 : 2 2 G M T 
L a t : 3 5 5 0 . 0 1 N L o n : 11 1 5 . 0 1 E tottom D e p t l i : 4 5 8 M e t r e s 
BotUe N o . D e p t h Sal in i ty T e m p P - T e m p O x y g e n A O U F luor O o w n w . H y d r o g e n 
E l e a r o d e Irrad P e r o x i d e 
(M) ( 0 /00 ) ( D e g . C ) ( D e g . C ) (uM) ( u M 0 2 ) ( R e l , U n i t s ) (In) (nM) 
1 152 .81 3 8 . 3 2 3 6 1 4 . 1 2 4 0 1 4 . 1 0 1 0 2 3 2 . 6 7 9 0 2 0 . 5 0 5 9 3 . 4 4 4 3 3 . 0 4 6 9 < 1 0 . 6 
2 1 1 3 . 9 7 3 7 . 5 7 8 8 1 4 . 1 9 0 3 1 4 . 1 7 3 2 2 5 2 . 0 7 1 4 1 . 9 4 7 8 9 . 0 5 6 6 3 . 0 2 2 5 < 1 0 . 6 
3 9 4 . 2 2 3 7 . 3 9 0 3 1 4 . 5 1 3 2 1 4 . 4 9 8 9 2 5 7 . 0 4 9 0 - 4 . 3 6 7 3 2 2 . 2 1 7 6 1 . 4 4 3 5 < 1 0 . 6 
A 6 4 . 4 6 3 7 . 1 2 1 4 1 5 . 1 9 0 1 1 5 . 1 8 0 0 2 6 3 . 6 7 5 8 - 1 3 . 9 4 5 2 1 0 . 3 7 7 7 0 , 8 6 7 8 1 3 . 6 
5 4 4 . 6 1 3 7 . 0 2 5 7 1 6 . 0 8 8 9 1 6 . 0 8 1 6 2 6 9 . 5 0 4 6 - 2 3 . 9 8 0 8 9 . 5 9 6 2 0 . 6 2 9 2 1 5 . 9 
6 1 4 . 5 4 3 7 . 1 1 0 1 2 3 . 2 3 4 9 2 3 . 2 3 1 9 2 1 2 . 7 9 4 6 2 . 4 6 8 0 5 . 4 5 3 6 0 . 2 5 0 8 5 2 
C a s t N o : D11-1 Bropt ic C T D N o : 0 1 0 3 X 0 2 5 
D a t e : 0 9 - 0 7 - 9 3 T i m e : i i : i 5 G M T 
L a t : 3 7 4 4 . 0 8 N L o n : 11 2 7 . 1 3 E i o n o m D e p t h : 6 1 3 M e t r e s 
Bott le No . O e p l h Sal in i ty T e m p P - T e m p O x y g e n A O U F luor OOWFTW. H y d r o g e n 
E l e c t r o d e Irrad P e r o x i d e 
(M) ( 0 / 0 0 ) ( D e g . C ) ( D e g . C ) (uM) ( u M 0 2 ) ( R e l . U n i t s ) (tn) (nM) 
1 1 5 3 . 9 8 3 8 . 1 7 9 3 1 3 . 8 6 7 9 1 3 . 8 4 5 0 2 3 6 . 0 5 8 1 1 8 . 6 5 7 7 5 . 9 9 6 7 3 . 0 3 2 2 < 1 0 . 6 
2 1 2 4 . 6 2 3 7 . 8 7 2 6 1 4 . 0 1 4 2 1 3 . 9 9 5 5 2 3 8 . 3 8 9 5 1 6 . 0 6 3 8 6 . 5 9 3 8 1 . 5 0 5 6 21 
3 9 4 . 4 1 3 7 . 4 2 5 6 1 4 . 4 1 6 9 1 4 . 4 0 2 6 2 4 6 . 6 7 8 5 6 . 4 3 3 2 3 1 . 1 6 5 0 1 .0664 1 1 . 7 
4 7 4 . 5 5 3 7 . 1 8 5 9 1 5 . 5 8 7 7 1 5 . 5 7 5 9 2 6 0 . 8 2 1 6 - 1 3 . 1 3 1 0 1 7 . 6 3 5 2 0 . 6 1 0 3 1 3 . 9 
5 5 4 . 1 4 3 7 . 0 4 5 6 1 5 . 9 6 0 7 1 5 . 9 5 1 9 2 6 7 . 7 0 0 8 - 2 1 . 5 9 4 4 8 . 9 6 7 5 9 . 9 9 7 5 1 7 
6 . 7 . 8 . 9 . 1 0 3 4 . 5 7 3 7 . 0 4 4 5 1 8 . 3 1 4 6 1 8 . 3 0 3 4 2 6 0 . 3 7 5 7 - 2 5 . 0 7 4 1 5 . 2 2 6 8 9 . 9 9 7 5 3 4 . 5 
11 2 4 . 3 0 3 7 . 1 3 7 9 2 2 . 4 5 8 2 2 2 , 4 5 3 3 2 3 3 . 6 4 7 8 - 1 5 . 4 8 3 0 8 . 2 9 4 0 9 . 9 9 7 5 4 8 . 8 
12 1 4 . 6 3 3 7 . 1 4 6 5 2 3 . 1 1 1 8 2 3 . 1 0 8 7 2 3 0 , 6 9 1 9 - 1 5 . 0 1 3 9 7 . 1 2 0 7 9 . 9 9 7 5 72 .1 
180 
N o : 0 1 1 - 2 B G C C T D N o : 0 1 0 3 X 0 2 6 
) a t e : 0 9 - 0 7 - 9 3 T i m e : 1 3 : 0 2 G M T 
L a i : 37 4 3 , 9 N L o n : 11 26 .94 E J o n o m D e p t h : 6 1 6 M e t r e s 
N o . Dep th Sa l in i ty T e m p P - T e m p O x y g e n A O U F l u o r D o w n w . H y d r o g e n 
E l e c t r o d e Irrad P e r o x i d e 
(M) ( 0 / 0 0 ) ( D e g . C ) ( O e g . C ) (uM) ( u M 0 2 ) ( R e l . U n i t s ) (In) (nM) 
1 6 0 5 . 9 7 3 8 . 7 2 1 3 1 3 . 8 5 0 9 1 3 . 7 5 9 0 1 9 8 . 6 4 2 2 5 5 . 3 0 4 2 6 . 3 6 8 6 3 . 0 6 1 5 < 10 .6 
2 4 5 2 . 3 1 3 8 . 7 1 4 2 1 3 . 8 1 6 6 1 3 . 7 4 8 5 2 0 7 . 0 5 4 7 4 7 . 0 7 7 8 2 . 5 9 6 3 3 . 0 6 9 3 < 1 0 . 6 
3 3 0 3 . 1 7 3 8 . 6 9 8 3 1 3 . 9 1 4 4 1 3 . 8 6 8 7 2 0 4 . 4 0 6 5 4 9 . 2 5 3 0 2 . 3 1 9 1 3 . 0 7 3 7 < 1 0 . 6 
4 2 0 2 . 8 1 3 8 . 5 4 5 5 1 4 . 0 2 6 0 1 3 . 9 9 5 4 2 1 4 . 0 6 5 2 3 9 . 2 6 8 1 3 . 3 5 3 6 3 . 0 7 1 9 < 1 0 . 6 
5 1 5 4 . 2 8 3 8 . 1 7 1 8 1 3 . 8 5 9 6 1 3 . 8 3 6 7 2 3 0 . 9 1 2 9 2 3 . 8 5 7 5 4 . 4 3 7 1 3 .0591 < 1 0 . 6 
6 1 2 9 . 4 2 3 7 . 8 9 9 3 1 4 . 0 1 7 5 1 3 . 9 9 8 2 2 4 1 . 1 8 7 0 1 3 . 2 0 7 0 7 . 5 0 0 3 3 . 0 2 5 0 < 10 .6 
7 1 0 4 . 5 3 3 7 . 5 0 3 3 1 4 . 2 8 9 0 1 4 . 2 7 3 3 2 4 8 . 4 2 7 2 5 . 2 0 9 5 1 7 . 4 9 0 1 1 . 2 9 0 7 11 .4 
8 8 2 . 4 7 3 7 . 2 6 0 6 1 4 . 9 7 9 3 1 4 . 9 6 6 5 2 6 2 . 6 9 0 2 - 1 2 . 1 3 3 6 4 0 . 5 5 6 2 0 . 9 5 2 5 13 .6 
9 6 4 . 2 0 3 7 . 0 9 1 7 1 5 . 4 9 5 0 1 5 . 4 8 4 8 2 5 6 . 2 8 7 5 - 8 . 0 0 3 4 1 3 . 1 9 9 3 0 . 7 2 4 9 15.1 
1 0 4 4 . 1 7 3 7 . 0 1 8 6 1 7 . 0 2 0 7 1 7 . 0 1 3 3 2 5 5 . 9 1 9 4 - 1 4 . 7 5 2 1 5 . 2 0 0 0 0 , 4 7 6 9 2 5 . 2 
11 2 4 . 3 2 3 7 . 0 7 9 1 2 0 . 4 2 9 7 2 0 . 4 2 5 0 2 4 5 . 2 0 3 4 - 1 9 . 9 3 0 4 8 . 6 2 6 6 0 . 3 5 9 4 4 9 . 6 
12 9 . 4 8 3 7 . 1 4 5 9 2 3 . 0 7 1 0 2 3 . 0 6 9 0 2 1 2 . 1 5 1 6 3 . 6 8 0 2 7 . 9 4 2 9 9 . 9 9 7 5 6 3 . 3 
C a s t N o : 0 1 4 - 2 B G C C T D N o : D103X031 
D a t e : 1 0 - 0 7 - 9 3 T i m e : 0 8 : 3 7 G M T 
L a t : 3 6 4 0 . 4 8 N L o n ; 12 1 9 . 0 0 E Jot tom D e p t h : 1 2 8 7 M e t r e s 
N o . Dep th Sal in i ty T e m p P - T e m p O x y g e n A O U Fluor D o w n w . H y d r o g e n 
E l e c t r o d e Irrad P e r o w d e 
(M) ( 0 / 0 0 ) ( O e g . C ) ( D e g . C ) (uM) ( u M 0 2 ) ( R e l . U n i t s ) (In) (nM) 
1 1 2 0 0 . 4 6 3 8 . 7 1 9 7 1 3 . 8 1 2 3 1 3 . 6 2 6 9 2 0 7 . 3 4 4 6 4 6 . 6 0 1 2 6 . 2 1 ^ 4 0 . 0 0 0 0 < 1 0 . 6 
2 8 0 1 . 5 3 3 8 . 7 3 0 4 1 3 . 8 0 6 5 1 3 . 6 8 4 4 2 1 0 . 6 3 9 1 4 3 . 5 1 9 5 4 . 3 8 2 3 0 . 0 0 0 0 < 1 0 . 6 
3 4 0 3 . 0 7 3 8 . 7 6 5 3 1 4 . 0 1 7 4 1 3 . 9 5 6 2 1 8 9 . 3 1 9 9 6 3 . 7 1 1 5 5 . 7 6 4 8 0 . 0 0 0 0 < 1 0 . 6 
4 3 2 3 . 3 5 3 8 . 7 6 4 2 1 4 . 2 7 2 1 1 4 . 2 2 2 6 2 1 2 . 1 6 0 1 3 9 . 5 8 9 0 4 . 8 6 8 8 0 . 0 0 0 0 < 1 0 . 6 
5 2 0 3 . 5 3 3 8 . 7 2 6 2 1 4 , 4 3 1 8 1 4 . 4 0 0 5 2 1 7 . 6 3 3 6 3 3 . 3 7 6 1 5 . 3 6 8 9 0 . 0 0 0 0 < 1 0 , 6 
6 1 2 4 . 2 3 3 8 . 3 1 5 6 1 4 . 7 3 3 7 1 4 . 7 1 4 5 2 3 7 . 2 2 3 3 1 2 . 9 2 1 3 5 . 5 7 5 9 0 . 0 0 0 0 < 1 0 . 6 
7 9 4 . 1 8 3 7 . 5 8 2 5 1 4 . 4 5 8 3 14 4 4 4 0 2 6 3 . 4 6 3 7 - 1 0 . 8 0 5 7 2 5 . 5 5 6 1 0 . 0 0 0 0 < 1 0 , 6 
8 6 9 . 1 6 3 7 . 4 4 0 1 1 4 . 6 5 2 3 1 4 . 6 4 1 8 2 6 3 . 1 4 3 4 - 1 1 . 2 3 7 4 8 2 . 3 6 7 8 0 . 0 0 0 0 1 6 . 9 
9 5 4 . 1 7 3 7 . 3 1 0 7 1 5 . 0 2 8 5 1 5 . 0 2 0 1 2 6 1 . 4 7 1 5 - 1 1 . 2 3 5 6 1 7 . 1 0 1 3 0 . 0 0 0 0 18,4 
1 0 3 9 . 3 2 3 7 . 1 5 4 8 1 6 . 0 7 3 8 1 6 . 0 6 7 4 2 6 6 . 4 6 3 8 - 2 1 . 0 6 1 3 9 . 0 6 3 3 0 . 0 0 0 0 33.1 
11 2 5 . 0 3 3 7 . 1 6 9 9 1 8 . 9 2 5 8 1 8 . 9 2 1 3 2 5 2 . 5 6 5 2 - 2 0 . 1 0 0 8 8 . 3 1 7 3 0 . 0 0 0 0 4 3 . 3 
1 2 14.21 3 7 . 3 6 5 2 2 2 . 8 4 5 3 2 2 . 8 4 2 4 2 2 4 . 1 8 1 2 - 7 . 7 7 4 7 5 . B 9 5 1 0 . 0 0 0 0 63.1 
N o : D 1 4 - 4 Btopt ic C T D No: 0 1 0 3 X 0 3 3 
l a t e : 1 0 - 0 7 - 9 3 T i m e : 16 :57 G M T 
L a t : 3 6 4 0 . 4 g N L o n : 12 1 9 . 1 7 E bottom D e p t h : 1 2 8 8 M e t r e s 
N o . D e p t h Sa l in i ty T e m p P-Tennp O x y g e n A O U F luor D o w n w . H y d r o g e n 
E l e c t r o d e Irrad P e r o x i d e 
(M) ( 0 / 0 0 ) ( D e g . C ) ( D e g . C ) (uM) ( u M 0 2 ) ( R e l . U n i t s ) (tn) (nM) 
1 1 5 4 . 0 2 3 8 . 6 9 3 5 1 4 . 4 7 8 3 1 4 . 4 5 4 7 2 2 5 . 2 0 5 5 2 5 . 6 2 2 8 1 4 . 9 6 5 7 3 . 0 6 1 5 < 1 0 . 6 
2 1 2 4 . 2 9 3 8 . 5 0 7 0 1 4 . 5 7 4 9 1 4 . 5 5 5 8 2 3 5 . 1 6 8 3 1 5 . 4 6 8 3 1 5 . 1 7 4 7 3 . 0 6 1 5 < 1 0 , 6 
3 104 .31 3 7 . 7 0 0 8 1 4 . 4 5 7 3 1 4 . 4 4 1 5 2 6 4 . 5 0 9 9 - 1 2 . 0 3 2 0 2 3 , 6 8 7 7 3 .0591 < 1 0 . 6 
4 8 4 . 4 2 3 7 . 5 0 2 8 1 4 . 4 4 6 7 1 4 . 4 3 3 9 2 6 4 . 1 3 9 8 - 1 1 . 2 9 9 0 5 7 . 1 5 7 6 3 . 0 4 4 3 < 1 0 . 6 
5 6 9 . 1 2 3 7 . 4 1 5 3 1 4 . 5 2 0 8 1 4 . 5 1 0 3 2 6 6 . 1 5 7 2 - 1 3 . 5 5 2 8 1 0 7 . 6 0 8 3 2 . 9 7 7 2 < 1 0 . 6 
6 5 4 . 5 2 3 7 . 2 8 7 1 1 4 . 9 4 9 2 1 4 . 9 4 0 8 2 7 4 . 5 2 3 0 - 2 3 . 8 5 8 5 3 6 . 2 5 1 4 1 . 1 4 6 2 1 6 . 7 
7 3 4 . 4 5 3 7 . 1 5 7 6 1 6 . 2 5 4 6 1 6 . 2 4 9 0 2 7 3 . 3 3 9 3 - 2 8 . 7 9 9 3 2 3 . 5 0 4 8 0 . 8 4 4 2 2 8 . 9 
8 1 4 . 8 4 3 7 . 2 4 7 5 2 2 . 9 5 1 3 2 2 . 9 4 8 3 2 3 6 . 9 6 2 6 - 2 0 . 8 0 8 1 1 9 , 9 4 1 4 0 . 6 2 8 6 101 
181 
C a s l N o : D 1 2 - 2 H 2 0 2 • C r C T D N o : 0 1 0 3 X 0 3 7 
D a t e : 1 1 - 0 7 - 9 3 T i m o : 12:41 G M T 
L a t : 3 7 3 4 . 0 0 N L o n : 11 3 6 . 0 4 E bottom D e p t h : 6 1 5 M e t r e s 
Bott le N o . D e p t h Sa l in i ty T e m p P - T e m p O x y g e n A O U F luor D o w n w . H y d r o g e n 
E l e c t r o d e I n B d P e r o x i d e 
(M) ( 0 / 0 0 ) ( D e g . C ) ( D e g . C ) (uM) ( u M 0 2 ) ( R e l . U n i t s ) (in) (nM) 
1 1 1 3 . 9 4 3 7 . 6 4 1 0 1 4 . 4 7 7 3 1 4 . 4 8 0 0 2 5 2 . 8 0 2 0 - 0 . 3 3 1 1 3 5 . 0 2 3 1 1 . 4 4 7 8 1 5 . 6 
2 9 4 . 0 7 3 7 . 4 8 9 7 1 4 . 5 7 1 3 1 4 . 5 5 7 0 2 5 2 . 7 1 0 5 - 0 , 4 7 5 7 5 3 . 4 6 0 7 1 . 1 4 7 6 46 .1 
3 7 4 . 4 0 3 7 . 2 7 1 7 1 5 . 1 0 5 5 1 5 . 0 9 3 9 2 6 4 . 4 0 2 2 - 1 4 . 4 8 6 1 4 7 . 6 7 3 7 0 , 8 5 2 6 19 .3 
4 6 4 . 5 0 3 7 . 1 9 2 5 1 5 . 1 4 1 9 1 5 . 1 3 1 9 2 6 6 . 0 8 6 7 • 1 6 . 2 2 8 3 4 6 . 1 0 1 0 0 . 7 7 0 7 2 0 . 9 
5 5 4 . 0 3 3 7 . 0 9 0 2 1 5 . 9 1 5 9 1 5 . 9 0 7 2 2 6 7 . 9 9 7 2 - 2 1 . 7 4 3 7 3 3 . 9 5 3 0 0 . 6 3 8 2 2 7 . 7 
6 4 4 . 4 6 3 7 . 0 6 7 7 1 6 . 2 8 5 0 1 6 . 2 7 7 7 2 6 6 . 2 9 7 8 - 2 1 . 7 6 7 6 2 9 , 8 1 5 5 0 . 5 6 3 9 2 2 . 6 
7 3 4 . 1 5 3 7 . 0 6 9 7 1 7 . 7 5 4 2 1 7 . 7 4 8 3 2 6 6 . 3 2 6 5 - 2 8 . 5 6 9 5 2 7 . 3 8 6 5 0 . 4 6 5 6 4 5 , 8 
8 2 4 . 3 9 3 7 . 0 8 8 3 1 9 . 2 5 2 0 1 9 . 2 4 7 5 2 6 2 . 3 2 1 5 - 3 1 . 1 4 1 6 2 5 . 7 5 1 1 0 . 4 0 9 0 5 4 . 5 
9 1 9 . 6 9 3 7 , 1 7 4 1 2 1 . 6 2 2 2 2 1 . 6 1 8 3 2 3 5 . 3 2 3 8 - 1 3 . 9 6 1 2 2 7 . 8 9 2 3 0 .3481 7 0 8 
10 1 4 . 3 7 3 7 . 1 5 0 9 2 2 . 4 3 7 8 2 2 . 4 3 4 9 2 2 8 . 1 3 2 7 - 9 . 9 0 6 3 2 9 . 5 7 1 0 0 . 3 2 7 2 1 1 2 
11 9 . 7 4 3 7 . 1 6 4 2 2 3 . 0 7 3 6 2 3 . 0 7 1 5 2 2 2 . 4 0 9 7 - 6 . 6 3 5 4 2 6 . 5 5 6 9 0 . 2 8 7 9 111 
12 1 .52 3 7 . 1 7 5 3 2 3 . 1 9 0 2 2 3 . 1 8 9 9 2 2 4 . 5 3 0 7 - 9 . 1 8 2 2 2 3 . 4 8 7 0 0 .2391 1 4 3 
C a s t N o : D 1 2 - 3 B G C C T D N o D I 0 3 X 0 3 8 
D a t e : 1 1 - 0 7 - 9 3 T i m e : 13:51 G M T 
L a t ; 3 7 3 4 . 2 7 N L o n : 11 3 5 . 9 3 E k i t t o m D e p t h : 6 3 2 M e t r e s 
Bott le NO. D e p t h Sa l in i ty T e m p P - T e m p O x y g e n A O U Fluor D o w n w , H y d r o g e n 
E l e c t r o d e Irrad P e r o x i d e 
(M) ( 0 /00 ) ( D e g . C ) ( D e g . C ) (uM) ( u M 0 2 } ( R e l . U n i i s ) (In) (nM) 
1 6 2 2 . 5 7 3 8 . 7 3 8 2 1 3 . 9 1 1 4 1 3 . 8 1 6 7 2 0 3 . 5 0 6 2 5 0 . 1 0 5 6 2 4 , 4 6 4 0 3 . 0 6 6 4 < 10 .6 
2 4 0 3 . 2 6 3 8 . 7 3 8 5 13 .9491 13 .8881 2 0 7 . 5 6 2 1 4 5 . 8 5 7 3 2 2 . 4 2 0 3 3 . 0 7 3 7 < 1 0 . 6 
3 2 0 4 . 1 5 3 8 . 6 7 4 0 1 4 . 2 8 1 7 1 4 . 2 5 0 5 2 1 1 . 9 8 6 1 3 9 . 8 5 5 9 2 2 . 3 9 4 6 3 . 0 7 1 3 < 10 .6 
4 1 7 3 . 6 5 3 8 . 5 5 6 1 1 4 . 4 3 8 3 1 4 . 4 1 1 7 2 1 9 . 7 4 7 6 3 1 . 4 9 3 4 2 2 . 4 8 9 2 3 , 0 6 8 8 < 1 0 . 6 
5 1 4 9 . 0 1 3 8 . 2 7 7 1 1 4 . 3 9 0 4 1 4 . 3 6 7 7 2 2 6 . 7 5 7 0 2 5 . 1 5 7 9 2 5 . 6 2 5 7 3 ,0591 < 10 .6 
6 1 3 4 . 3 5 3 7 . 7 3 2 9 1 4 . 2 7 0 6 1 4 . 2 5 0 3 2 4 8 . 9 1 0 7 4 . 4 5 9 1 3 1 . 8 6 4 9 3 . 0 4 7 2 < 1 0 . 6 
7 1 0 4 . 4 3 3 7 . 5 6 7 0 1 4 . 5 1 5 4 1 4 . 4 9 9 5 2 5 7 . 1 8 8 8 - 4 . 7 9 4 0 4 4 . 9 7 0 6 1 . 4 5 5 3 1 5 . 5 
a 7 7 . 3 1 3 7 . 3 6 1 6 14 .9611 14 .9491 2 6 4 . 4 2 0 5 - 1 3 . 9 2 9 6 7 4 . 9 0 8 5 1 .0004 18 .5 
g 6 4 . 4 0 3 7 . 1 9 2 8 1 5 . 1 4 0 5 1 5 . 1 3 0 5 2 5 9 . 9 5 9 0 - 1 0 . 0 9 4 1 4 1 . 2 6 3 9 0 ,8551 2 5 . 3 
10 3 7 . 7 9 3 7 . 0 8 9 0 1 7 , 0 4 9 0 1 7 . 0 4 2 6 2 6 3 . 9 2 4 5 - 2 2 . 9 9 0 0 3 4 . 2 3 5 8 0 . 5 4 7 9 31.1 
11 2 4 . 4 3 3 7 . 0 9 3 0 1 9 . 5 8 4 2 1 9 . 5 7 9 7 2 3 9 . 6 8 0 9 - 9 . 9 1 5 0 2 8 . 3 5 6 7 0 ,4391 44.1 
12 13 .91 3 7 . 1 8 5 8 2 2 . 9 7 6 6 2 2 . 9 7 5 7 2 1 3 . 0 3 2 3 3 . 0 9 6 9 2 6 , 2 1 0 8 0 . 3 6 7 4 9 4 . 5 
C a s t N o : D 1 2 A - 1 B G C * T M C T D No: D I 0 3 X 0 3 4 
D a t e : 1 1 - 0 7 - 9 3 T i m e : 0 6 : 1 3 G M T 
L a i : 37 1 6 . 8 1 N L o n : 11 5 8 . 1 8 E 3ottom D e p t h : 8 3 M e t r e s 
Bott le N o . D e p t h Sal in i ty T e m p P - T e m p O x y g e n A O U F luor O o w n w . H y d r o g e n 
E l e c t r o d e Irrad P e r o x i d e 
m ( 0 / 0 0 ) ( D e g . C ) ( O e g . C ) (uM) ( u M 0 2 ) ( R e l . U n i t s ) (In) (nM) 
1.2 71 .31 3 7 . 7 4 3 8 1 4 . 6 4 5 9 1 4 . 6 3 5 0 2 5 0 . 7 7 9 3 0 . 6 8 7 1 8 4 . 5 3 3 7 1 . 1 2 7 2 3 4 . 7 
3 .4 6 0 . 2 7 3 7 . 5 9 6 8 1 4 . 9 3 4 4 14 .0251 2 7 9 . 4 0 3 3 - 2 9 . 1 4 3 0 7 3 . 8 2 5 2 0 .9261 2 4 . 9 
5 . 6 4 4 . 3 4 3 7 . 3 6 1 7 1 5 . 6 5 5 0 1 5 . 6 4 7 9 2 6 8 . 0 4 9 4 - 2 0 . 9 5 0 3 3 7 . 6 1 6 5 0 . 7 5 8 4 3 0 . 8 
7 . 8 3 4 , 6 0 3 7 . 1 9 5 3 1 6 . 5 9 1 6 1 6 . 5 6 5 9 2 6 6 . 4 4 7 0 - 2 3 . 5 4 7 6 2 1 . 5 5 7 5 0 . 6 3 9 2 4 7 . 9 
9 . 1 0 2 4 . 7 4 3 7 . 2 7 7 0 1 8 . 6 0 1 3 1 8 , 5 9 6 9 2 6 4 . 4 0 5 9 - 3 0 . 6 8 6 0 2 2 . 7 0 8 2 0 . 5 1 9 3 8 2 . 4 
1 1 . 1 2 1 3 . 8 4 3 7 . 2 3 6 5 2 3 . 0 0 1 0 2 2 . 9 9 8 1 2 3 1 . 1 8 9 8 - 1 5 . 2 0 8 2 2 7 . 3 0 6 5 0 . 3 4 6 8 101 
C a s t N o : 0 1 2 A - 2 B iopt ic C T D No: D I 0 3 X 0 3 5 
D a t e : 1 1 - 0 7 - 9 3 T i m e : 07:21 G M T 
L a t : 3 7 1 7 . 0 8 N L o n : 11 5 7 . g O E ^ n o m D e p t h : 8 7 M e t r e s 
Bott le No . D e p t h Sa l in i ty T e m p P - T e m p O x y g e n A O U F luor D o w n w . H y d r o g e n 
E l e c t r o d e Irrad P e r o x i d e 
(M) ( 0 / 0 0 ) ( D e g . C ) ( D e g . C ) (uM) ( u M 0 2 ) ( R e l . U n i l s ) (in) (nM) 
1 8 4 . 1 9 3 7 . 7 8 1 0 1 4 , 6 3 9 9 1 4 . 6 2 7 0 2 6 4 . 3 9 5 9 - 1 2 . 9 5 7 5 1 3 5 . 0 8 2 4 1 . 2 0 3 6 3 4 . 2 
2 7 4 . 9 1 3 7 . 7 3 3 9 14 .6051 1 4 . 5 9 3 6 2 6 7 . 6 3 5 7 - 1 5 . 9 5 0 1 1 0 2 . 6 2 6 7 1 . 0 4 3 5 1 9 . 8 
3 6 4 . 6 2 3 7 . 6 1 0 8 14 .8611 1 4 . 8 5 1 2 2 7 2 . 3 6 4 0 - 2 1 . 7 6 2 6 0 7 . 5 2 0 1 0 . 8 8 9 2 2 3 . 9 
4 4 9 . 5 9 3 7 . 4 5 2 7 1 5 . 4 2 8 9 1 5 . 4 2 1 1 2 7 4 . 6 4 5 1 - 2 6 . 5 8 9 2 5 1 . 3 6 2 8 0 . 6 7 8 3 3 0 
5 3 4 . 5 3 3 7 . 2 0 4 0 16 .6361 1 6 . 6 3 0 4 2 7 5 . 7 3 3 9 - 3 3 . 0 5 5 0 2 6 . 1 5 8 3 0 . 5 0 3 9 5 1 . 7 
6 1 4 , 3 9 3 7 . 2 5 4 1 2 3 , 2 7 5 4 2 3 . 2 7 2 4 2 2 9 . 6 4 3 2 - 1 4 . 7 1 0 6 2 3 . 1 5 6 9 0 . 3 0 6 7 1 0 9 
182 
C a s t N o : 0 1 6 - 1 Biopl tc 
D a t e : 1 3 - 0 7 - 9 3 
C T D N o : 
T i m e : 1 3 : 5 3 
D I 0 3 X 0 4 3 
G M T 
L a i : 41 O.OON L o n : 6 0 . 0 7 E bottom D e p t h : 2 6 1 5 M e t r e s 
N o , D e p t h Sal in i ty T e m p P - T e m p O x y g e n A O U F luor D o w n w . H y d r o g e n 
E l e c t r o d e I n ^ d P e r o x i d e 
(M) (0 /00 ) ( D o g . C ) ( D e g . C ) (uM) ( u M 0 2 ) ( R o l . U n i t s ) (In) (nM) 
1 1 5 3 . 8 4 3 8 . 3 7 8 8 1 3 . 3 3 1 3 1 3 . 3 0 9 0 2 1 4 , 5 3 3 7 4 2 . 6 3 5 9 1 1 . 0 9 3 1 3 . 0 5 6 2 < 1 0 . 6 
2 1 2 3 . 2 7 3 8 . 2 8 3 1 1 3 , 2 7 9 2 1 3 . 2 6 1 4 2 2 1 . 9 6 6 2 3 5 . 6 2 9 3 1 0 . 2 0 8 2 3 . 0 3 8 0 < 1 0 . 6 
3 1 0 5 . 0 3 3 8 . 2 4 8 8 1 3 . 4 5 3 9 1 3 . 4 3 8 6 2 2 5 , 8 7 9 8 3 0 . 8 6 0 2 1 1 . 6 2 3 0 3 . 0 0 9 5 < 1 0 . 6 
4 88 ,91 3 8 . 1 4 5 0 1 3 . 2 8 9 5 1 3 . 2 7 6 6 2 3 3 . 6 0 3 8 2 4 . 1 6 0 3 2 0 , 4 8 6 0 1 .3927 < 1 0 . 6 
5 7 9 . 3 9 3 8 . 1 2 8 1 1 3 . 3 5 0 2 1 3 . 3 3 8 7 2 3 8 . 3 8 8 9 1 9 . 0 8 5 1 2 7 . 9 4 7 1 1 .2587 < 1 0 . 6 
6 6 4 . 2 3 3 8 . 0 6 5 7 1 3 . 7 1 2 3 1 3 . 7 0 2 8 2 7 1 . 2 8 8 2 - 1 5 . 5 9 2 6 2 2 2 . 2 5 8 9 0 . 9 9 7 5 1 8 . 7 
7 4 9 . 4 9 3 7 . 8 1 0 7 1 4 . 5 7 1 2 1 4 . 5 6 3 6 2 7 0 . 2 0 9 5 - 1 6 , 4 7 3 8 2 0 . 4 3 6 1 0 . 6 8 7 6 24 
8 3 4 . 6 0 3 7 . 8 7 3 0 2 0 . 5 2 7 3 2 0 . 5 2 0 7 2 3 6 . 0 2 7 7 - 1 1 . 2 0 9 2 7 . 8 9 0 6 0 4 7 5 1 6 4 . 8 
9 14 .44 3 7 . 8 4 0 8 2 0 . 6 6 1 2 2 0 . 6 5 6 4 2 3 7 . 9 7 5 2 - 1 3 . 6 5 5 7 6 . 5 8 9 8 0 . 8 2 1 5 7 6 , 8 
N o : 0 1 6 - 2 B G C C T D N o ; 0 1 0 3 X 0 4 4 
>ate: 1 3 - 0 7 - 9 3 T i m e : 1 5 : 0 0 G M T 
L a t : 41 0 . 0 5 N L o n ; 6 0 . 0 3 E tottom D e p t h : 2 6 1 7 M e t r e s 
N o . D e p t h Sal in i ty T e m p P - T e m p O x y g e n A O U Fluor O o w n w . H y d r o g e n 
E l e c t r o d e Irrad P e r o x i d e 
(M) ( 0 /00 ) ( D e g . C ) ( D e g . C ) (uM) ( U M 0 2 ) ( R e l . U n i t s ) (In) (nM) 
1 2 4 5 2 . 2 0 3 8 . 4 3 2 5 1 3 . 1 7 6 6 1 2 . 7 9 3 4 2 1 5 . 8 6 7 8 4 2 . 0 2 3 9 5 . 5 3 0 9 0 . 0 0 0 0 < 1 0 . 6 
2 1500 .11 3 8 . 4 3 6 1 1 3 , 0 5 6 9 1 2 , 8 3 0 9 2 1 4 . 0 9 0 3 4 4 . 4 2 4 6 3 , 1 1 5 0 0 . 0 0 0 0 < 1 0 . 6 
3 1 0 0 1 . 3 4 3 8 . 4 4 4 0 1 3 . 0 2 0 2 1 2 , 8 7 2 2 2 0 5 . 8 4 8 6 5 2 . 8 4 6 9 3 . 7 6 4 3 0 . 0 0 0 0 < 1 0 . 6 
4 5 0 2 . 0 5 3 8 . 4 9 0 3 1 3 . 1 5 7 7 1 3 . 0 8 4 3 2 0 3 . 7 7 2 9 5 4 . 1 2 5 1 2 . 9 1 3 7 0 . 0 0 0 0 < 1 0 . 6 
5 3 9 5 . 4 9 3 8 . 5 0 0 7 1 3 . 2 1 6 2 1 3 . 1 5 8 5 2 0 0 . 2 1 8 4 5 7 . 3 5 6 5 1 . 5 7 0 9 0 . 0 0 0 0 < 1 0 . 6 
6 2 5 3 . 5 6 3 8 . 4 4 5 4 1 3 . 1 5 1 4 1 3 . 1 1 4 8 2 1 3 . 5 0 2 0 4 4 . 5 0 1 1 0 . 9 3 6 6 o.oooo < 1 0 . 6 
7 1 5 4 . 0 3 3 8 . 3 7 8 4 1 3 . 3 5 0 0 1 3 . 3 2 7 6 2 0 9 . 0 5 9 1 4 8 . 0 1 3 9 1 .7041 0 . 0 0 0 0 < 1 0 . 6 
8 8 8 . 4 6 3 8 . 1 4 6 4 1 3 . 2 9 0 8 1 3 . 2 7 8 0 2 2 4 . 1 6 6 9 3 3 . 5 8 7 8 5 . 6 9 1 5 0 . 0 0 0 0 < 1 0 . 6 
9 6 5 . 9 4 3 8 . 0 4 6 5 1 3 . 7 6 6 5 1 3 . 7 5 6 8 2 6 2 . 3 9 3 0 - 6 . 9 4 9 6 2 1 4 . 6 4 8 1 0 . 0 0 0 0 < 1 0 . 6 
10 5 8 . 5 3 3 7 . 9 9 0 7 1 4 . 0 9 9 5 1 4 . 0 9 0 7 2 6 4 . 5 1 2 8 - 1 0 , 6 8 0 3 6 7 . 5 4 2 6 0 , 0 0 0 0 2 1 . 2 
11 4 4 . 8 3 3 7 . 8 3 3 2 1 4 . 8 0 9 9 1 4 . 8 0 3 0 2 7 1 . 2 8 8 7 - 2 0 . 7 7 6 7 7 . 8 3 2 2 0 . 0 0 0 0 2 4 . 4 
12 2 4 . 2 6 3 7 . 8 4 1 0 2 0 5 9 3 9 2 0 . 5 8 9 2 2 2 8 . 1 0 1 7 - 3 . 5 1 0 2 2 . 1 8 6 6 0 . 0 0 0 0 7 5 . 5 
N o : M A I / 5 C T D No: 0 1 0 3 X 0 5 2 
)a te : 1 8 - 0 7 - 9 3 T i m e ; 0 2 : 5 0 G M T 
L a t : 4 0 5 8 . 7 6 N L o n : 6 1 . 2 9 E D e p t h : 2 6 1 6 M e t r e s 
No . Dep th Sal in i ty P - T e m p S i g r r B P O x y g e n F l u o r Irrad T e m p H y d r o g e n 
(M) ( 0 /00 ) ( D e g . C ) ( 0 / 0 0 ) (a rb ) ( a r b ) (InO) ( O e g . C ) P e r o x i d o 
(nM) 
1 1 2 4 . 7 0 3 8 , 2 5 9 2 1 3 . 0 7 3 0 2 8 . 9 0 6 0 1 . 6 6 2 8 1 0 . 3 8 9 4 2 . 9 4 5 2 1 3 . 0 9 0 9 17 .7 
2 1 0 4 . 3 9 3 8 . 2 0 5 0 1 3 . 0 6 8 8 2 8 . 8 6 4 9 1 . 6 7 8 6 9 . 5 0 7 1 2 . 9 6 8 5 1 3 . 0 8 3 8 1 8 . 2 
3 6 4 . 3 3 3 8 . 1 1 8 1 1 3 . 2 3 7 4 2 8 . 7 6 2 3 1 . 7 9 8 2 3 0 . 5 9 9 7 2 . 9 8 5 6 1 3 . 2 4 9 5 1 8 . 7 
4 6 4 . 6 7 3 8 . 0 0 1 5 1 3 . 6 8 8 0 2 8 . 5 7 6 7 1 . 8 0 1 3 4 5 0 . 8 9 7 2 3 . 0 0 0 4 1 3 . 6 9 7 5 2 2 . 5 
5 5 4 . 5 7 3 7 . 9 5 4 1 14 .7921 2 8 . 2 9 9 1 2 . 1 0 6 5 2 3 . 0 5 5 9 3 . 0 0 7 5 1 4 . 8 0 0 5 2 9 . 3 
6 4 4 , 4 1 3 7 . 8 3 6 9 1 6 . 1 7 0 7 2 7 . 8 9 2 8 2 . 0 6 3 8 1 2 . 0 0 1 3 3 . 0 1 2 2 1 6 . 1 7 7 9 4 2 
7 34 .41 3 8 . 0 4 3 9 1 9 . 8 1 6 7 2 7 . 1 3 5 5 1 . 7 3 6 8 1 0 . 1 5 2 7 3 . 0 1 2 7 1 9 , 8 2 3 2 5 6 . 6 
8 2 4 . 4 4 3 7 . 9 4 2 5 2 0 . 6 0 8 4 2 6 , 8 4 4 9 1 . 7 3 6 9 6 . 5 8 3 1 3 . 0 0 9 7 2 0 , 6 1 3 1 7 0 . 8 
9 19.31 3 7 . 8 7 0 1 2 0 . 8 1 6 3 2 6 . 7 3 2 7 1 .7001 7 . 4 8 9 5 3 . 0 0 3 8 2 0 , 8 2 0 1 8 7 . 2 
1 0 14.51 3 7 . 7 7 3 8 2 0 . 9 1 6 0 2 6 . 6 3 1 9 1 . 6 7 7 8 5 . 2 3 8 0 2 . 9 9 6 7 2 0 , 9 1 8 8 9 2 . 3 
n 9 . 3 3 3 7 . 8 4 7 4 21 3 2 4 6 2 6 . 5 7 4 7 1 . 6 4 9 6 7 . 1 9 2 5 2 . 9 8 8 1 2 1 . 3 2 6 5 1 0 8 
12 1 .13 3 7 . 7 6 7 6 2 2 . 7 3 7 3 2 6 . 1 1 2 4 1 .5711 6 . 4 7 8 7 2 . 9 5 6 0 2 2 . 7 3 7 6 1 3 0 
183 
C o s t N o : M A I / 7 
D a t e : 1 8 - 0 7 - 9 3 
L a t : 4 0 5 7 . 5 6 N 
C T D N o ; D 1 0 3 X 0 5 4 
T i m e : 0 8 : 0 5 
L o n : 6 2 . 0 8 E 
G M T 
3ottom D e p t h : 2 6 2 7 M e t r e s 
N o . Dep th Sal in i ty T e m p P - T e m p O x y g e n A O U Fluor D o w n w . H y d r o g e n 
E l e c t r o d e Irrad P e r o x i d e 
(M) ( 0 /00 ) ( D e g . C ) { D e g . C ) (uM) ( u M 0 2 ) ( R e l . U n i t s ) (In) (nM) 
1 2 0 3 . 8 3 3 8 . 4 3 7 5 1 3 . 2 8 1 2 1 3 . 2 5 1 6 2 0 5 . 8 2 3 9 5 1 . 5 1 3 1 5 . 3 7 9 1 2 . 9 0 6 5 1 7 . 9 
2 1 5 4 . 0 6 38 .3821 1 3 . 2 8 9 7 1 3 . 2 6 7 4 2 1 1 . 7 0 5 0 4 5 . 6 7 6 2 4 . 8 3 7 0 2 . 8 8 5 9 1 7 . 9 
3 1 2 4 . 0 9 3 8 3 2 3 2 1 3 . 3 5 2 7 1 3 . 3 3 4 7 2 1 3 . 2 0 6 1 4 3 . 9 4 1 4 4 . 0 1 6 1 1 . 3 6 6 8 1 7 . 9 
4 1 0 3 . 9 8 3 8 . 1 6 7 9 1 3 . 0 9 7 1 1 3 . 0 8 2 3 2 3 3 . 9 9 8 3 2 4 . 7 3 8 4 1 1 . 8 3 7 0 1 .0877 1 7 . 9 
5 9 4 . 3 2 3 8 . 1 2 1 0 1 3 . 2 2 2 8 1 3 . 2 0 9 2 2 4 3 . 5 9 8 7 1 4 . 5 5 3 3 2 1 . 1 2 7 6 0 . 9 2 7 8 19 .4 
6 84 .11 3 8 . 0 7 5 4 1 3 , 4 3 2 5 1 3 4 2 0 3 2 4 6 . 3 6 9 6 1 0 . 7 5 9 5 4 6 . 2 1 1 7 0 .7631 2 0 . 7 
7 7 5 8 2 3 8 . 0 1 1 9 1 3 . 6 9 0 7 1 3 . 6 7 9 6 2 4 6 . 2 5 6 9 9 . 6 3 5 3 2 5 8 . 9 8 7 5 0 . 5 9 2 7 2 7 , 9 
8 6 4 . 1 5 3 7 . 9 5 2 5 1 3 . 8 9 8 7 1 3 . 8 8 9 2 2 5 8 . 4 7 2 6 - 3 . 5 5 5 5 1 4 4 . 5 7 8 4 0 . 3 0 3 8 43.1 
9 4 4 . 3 3 3 7 . 7 5 6 0 1 5 . 8 0 4 3 1 5 . 7 9 7 1 2 6 3 . 7 5 3 6 - 1 7 . 9 6 6 7 1 3 . 8 2 6 3 - 0 . 0 0 0 5 3 8 . 5 
10 2 4 , 6 2 3 7 , 9 3 5 4 2 0 . 7 8 4 0 2 0 . 7 7 9 2 2 2 5 . 7 0 9 1 - 2 . 0 0 8 8 6 . 3 8 0 9 - 0 . 1 9 4 0 7 4 . 3 
11 1 4 . 3 5 3 7 , 6 8 3 2 2 1 . 0 9 8 7 2 1 . 0 9 5 9 2 2 2 . 0 5 1 9 0 . 7 2 0 2 6 . 7 4 7 8 - 0 . 2 8 8 4 8 3 . 3 
12 9.41 3 7 . 7 2 1 3 2 1 . 6 7 2 7 2 1 . 6 7 0 8 2 2 2 . 9 9 3 9 - 2 . 5 3 6 6 5 . 4 5 2 8 - 0 . 3 5 4 0 8 7 . 6 
N o : M A 1 / g C T D N o : D I 0 3 X 0 5 6 
) a t e : 1 8 - 0 7 - 9 3 T i m e : 1 0 : 5 2 G M T 
L a t : 4 0 5 6 . 2 5 N L o n : 6 2 . 7 7 E bottom D e p t h : 2 6 2 9 M e t r e s 
N o . Depth Sal in i ty T e m p P - T e m p O x y g e n A O U R u o r D o w n w . H y d r o g e n 
E l e c t r o d e Irrad P e r o x i d e 
(M) ( 0 /00 ) ( D e g . C ) ( O e g . C ) (uM) ( U M 0 2 ) ( R e l . U n i t s ) (in) (nM) 
1 1 2 5 . 3 0 3 8 . 2 8 2 2 1 3 . 1 9 1 4 1 3 . 1 7 3 4 2 1 0 . 7 1 5 6 4 7 . 3 4 1 0 1 1 . 4 2 2 7 0 . 9 8 9 7 17 
2 104 .01 3 8 . 2 2 3 4 1 3 . 1 9 3 0 1 3 . 1 7 8 0 2 2 2 . 8 3 1 8 3 5 . 3 1 1 4 9 . 2 3 4 7 0 . 8 2 0 3 17 
3 8 4 . 2 2 3 8 . 1 1 0 5 13 .2641 1 3 . 2 5 2 0 2 3 7 . 1 5 9 7 2 0 . 7 9 2 6 2 6 . 3 8 0 5 0 ,6451 2 6 . 9 
4 6 4 . 1 5 3 7 . 9 5 0 1 1 3 . 9 3 8 2 1 3 . 9 2 8 7 2 5 5 . 0 2 1 9 - 0 . 3 0 3 2 1 7 2 , 3 9 5 6 0 . 3 0 4 0 3 5 . 2 
5 5 3 . 9 9 3 7 . 9 2 7 6 1 5 . 4 3 4 7 1 5 . 4 2 6 1 2 6 4 . 4 7 7 2 - 1 7 . 1 7 0 8 1 8 . 4 3 5 3 0 . 1 8 2 9 3 4 . 5 
6 4 4 . 1 9 3 7 . 7 3 8 9 1 6 . 1 6 9 2 1 6 . 1 6 2 0 2 6 2 . 9 2 4 6 - 1 8 . 8 4 6 9 1 6 . 3 2 8 8 0 . 0 7 3 6 4 3 . 5 
7 3 4 . 4 3 3 7 . 9 8 5 7 2 0 . 2 9 7 7 2 0 . 2 9 1 1 2 2 9 . 2 4 6 3 - 3 . 6 4 3 2 1 0 . 2 7 3 6 0 . 0 0 5 3 6 1 . 3 
8 2 4 . 1 7 3 7 . 9 2 5 9 2 0 . 7 9 4 0 2 0 . 7 8 9 3 2 2 2 . 2 9 5 3 1 . 3 7 7 2 8 . 1 8 9 9 - 0 . 2 4 7 0 7 6 . 4 
9 19 .27 3 7 . 7 5 5 7 2 1 . 0 6 8 5 2 1 . 0 6 4 7 2 2 5 . 5 1 3 7 - 2 . 7 1 6 3 7 . 0 5 7 8 - 0 . 3 1 0 4 7 7 . 3 
10 1 4 . 0 3 37 .6471 2 1 . 3 5 9 4 2 1 . 3 5 6 6 2 1 9 . 7 8 5 4 1 . 9 9 9 3 7 . 4 5 3 4 - 0 . 3 5 2 2 7 1 . 7 
11 9.51 3 7 . 7 1 8 7 2 1 . 8 2 7 4 2 1 . 8 2 5 5 2 2 6 . 3 1 6 1 - 6 . 4 5 8 7 6 . 9 0 6 6 - 0 . 4 1 7 2 8 6 . 3 
12 1.26 3 7 , 7 2 3 6 2 3 , 4 1 7 4 2 3 . 4 1 7 2 2 0 6 . 4 7 1 4 7 . 3 5 2 6 1 1 . 0 9 6 2 - 0 . 6 2 5 9 1 2 0 
N o ; M A l / 1 1 C T D N o : 0 1 0 3 X 0 5 8 
) a t e : 1 8 - 0 7 - 9 3 T i m e : 13:21 G M T 
L a t : 4 0 5 5 . 3 5 N L o n : 6 2 . 5 4 E tottom D e p t h : 2 6 3 3 M e t r e s 
No . Depth Sal in i ty T e m p P - T e m p O x y g e n A O U F l u o r D o w n w . H y d r o g e n 
E l e c t r o d e Irrad P e r o x i d e 
(M) ( 0 /00 ) ( D e g . C ) ( D e g . C ) (uM) ( u M 0 2 ) ( R e l . U n i t s ) (in) (nM) 
1 1 2 0 . 6 8 3 8 . 2 8 4 6 1 3 . 3 6 0 4 1 3 . 3 4 2 9 2 0 2 . 1 2 4 0 5 5 . 0 4 5 2 7 . 1 6 6 5 1 .0039 1 7 . 5 
2 1 0 0 . 3 5 3 8 . 1 9 9 9 1 3 . 2 6 2 7 1 3 . 2 4 8 2 2 2 0 . 2 5 7 0 3 7 . 5 5 8 7 9 . 2 8 1 7 0 . 8 2 0 3 1 7 . 5 
3 8 0 . 1 8 3 8 . 0 6 9 5 1 3 . 4 3 4 8 1 3 . 4 2 3 1 2 3 9 . 3 4 3 4 1 7 . 7 8 3 5 5 1 . 9 6 3 2 0 . 5 4 6 7 2 0 
4 5 9 . 8 7 3 7 . 9 4 8 0 1 4 . 3 2 8 0 1 4 . 3 1 8 9 2 5 3 . 2 6 1 7 - 0 . 5 1 8 7 3 2 . 2 4 5 4 0 . 1 3 7 0 2 9 . 2 
5 5 0 . 0 7 3 7 . 9 1 3 1 1 5 . 8 7 0 0 1 5 . 8 6 1 9 2 6 0 . 4 9 5 2 - 1 5 . 2 5 8 3 1 6 . 2 7 7 8 0 . 0 1 1 2 3 4 . 2 
6 4 0 . 0 2 3 7 . 8 9 9 0 19 .1961 1 9 . 1 8 8 7 2 4 8 . 6 1 0 9 - 1 8 . 3 0 7 5 1 2 . 4 9 4 6 - 0 . 1 1 8 4 48 .1 
7 3 0 . 1 6 3 7 . 9 8 8 2 2 0 . 6 2 5 3 2 0 . 6 1 9 5 2 2 2 . 3 6 5 9 1 . 9 0 3 6 7 . 2 0 2 9 - 0 . 1 9 9 6 7 0 . 4 
8 1 9 . 8 5 3 7 . 7 2 6 9 2 1 . 1 9 6 9 2 1 . 1 9 3 0 2 2 9 . 5 4 3 8 - 7 . 2 1 9 4 5 . 5 4 5 2 - 0 . 2 9 0 9 7 4 . 3 
9 15.21 3 7 . 6 7 4 0 2 1 . 4 6 7 5 2 1 . 4 6 4 5 2 2 3 . 7 0 1 9 - 2 . 3 7 8 6 4 . 9 2 8 6 - 0 . 3 4 5 5 7 6 . 4 
10 10.61 3 7 . 7 0 1 8 2 1 . 8 4 0 5 2 1 . 8 3 8 4 2 2 9 . 3 9 7 1 - 9 . 5 6 8 8 4 . 7 1 5 5 - 0 . 3 9 1 7 9 1 . 5 
11 5 . 3 3 3 7 . 6 8 3 2 2 3 . 3 1 8 6 2 3 . 3 1 7 5 2 0 6 . 5 4 4 6 7 . 6 9 5 2 6 . 7 1 2 6 - 0 . 4 7 2 9 1 1 2 
12 1.70 3 7 . 7 0 7 9 2 3 . 6 5 3 5 2 3 . 6 5 3 1 2 1 1 . 0 3 6 5 1 . 9 3 7 8 8 . 7 3 3 7 - 0 . 5 5 7 7 1 2 3 
184 
C a s t N o : M A l / 1 3 C T D N o : D I 0 3 X 0 6 0 
D a l e ; 1 8 - 0 7 - 9 3 T imo: 17 :50 G M T 
L a i : 4 0 5 3 . 8 7 N L o n : 6 2 . 7 5 E Sot tom D e p t h : 2 6 4 1 M e t r e s 
NO. D e p t h Sal ini ty T e m p P - T e m p O x y g e n A O U Fluor D o w n w . H y d r o g e n 
E l e c t r o d e I n a d P e r o x i d e 
(M) ( 0 /00 ) ( D e g . C ) ( D e g . C ) (uM) ( u M 0 2 ) ( R e l . U n i t s ) (In) (nM) 
1 1 1 9 . 9 6 3 8 . 2 9 6 9 1 3 . 4 6 6 5 1 3 . 4 4 8 9 2 0 7 . 3 8 4 1 4 9 . 2 1 4 0 1 1 . 7 8 5 0 2 , 9 1 6 0 1 7 . 5 
2 1 0 0 . 1 2 3 8 . 2 0 4 3 1 3 4 0 0 3 1 3 . 3 8 5 7 2 1 9 . 8 8 6 0 3 7 . 2 0 4 5 1 3 . 4 6 6 0 1 . 7 3 3 0 1 7 . 9 
3 8 0 . 1 4 38 .0991 1 3 . 3 2 6 6 1 3 . 3 1 5 1 2 3 6 . 6 4 8 4 2 0 . 9 9 5 0 4 4 . 2 8 2 7 1 .1484 18 .7 
4 6 0 . 3 8 3 7 . 9 4 4 7 1 4 . 2 1 7 7 1 4 . 2 0 8 6 2 6 1 . 6 4 8 6 - 8 . 3 4 3 2 4 2 . 4 2 8 6 0 . 7 0 0 7 2 8 . 4 
5 5 0 . 2 5 3 7 . g 2 5 g 1 5 . 5 2 0 3 1 5 . 5 1 2 3 2 5 7 . 1 7 9 0 - 1 0 . 2 8 3 9 2 0 . 8 4 5 3 0 ,5571 3 5 . 7 
6 4 0 . 4 6 3 7 . 9 5 9 2 1 7 . 9 7 8 9 1 7 . 9 7 1 8 2 5 0 . 5 6 5 7 - 1 5 . 0 7 6 7 1 3 . 2 7 5 2 0 . 4 4 3 3 4 1 . 5 
7 3 0 . 1 0 3 7 . 9 7 9 9 2 0 . 3 7 3 5 2 0 . 3 6 7 7 2 2 5 . 9 6 5 9 - 0 . 6 6 4 3 9 . 6 7 4 3 0 . 3 7 3 6 5 7 . 5 
8 2 0 . 5 3 3 7 , 8 0 1 7 2 0 . 8 1 0 2 2 0 . 8 0 6 2 2 1 5 . 3 8 3 5 6 . 3 8 7 2 1 3 , 5 0 1 0 0 . 3 4 5 2 6 4 . 8 
9 1 5 . 2 6 3 7 . 7 2 4 5 2 0 . 8 8 5 6 2 0 . 8 8 2 6 2 2 7 . 5 1 9 5 - 3 . 9 4 9 6 1 1 . 1 8 7 6 0 . 3 0 8 9 6 8 . 7 
1 0 1 0 . 3 5 3 7 . 7 1 9 3 2 1 . 7 1 6 4 2 1 . 7 1 4 3 2 1 3 . 7 8 4 4 6 . 5 0 4 2 1 0 . 8 4 9 7 0 . 2 6 9 6 8 3 . 7 
11 5 . 2 3 3 7 . 7 2 8 2 2 2 . 1 1 6 0 2 2 . 1 1 4 9 2 1 8 . 0 3 4 1 0 . 6 9 4 2 1 2 . 3 0 9 7 0 . 1 9 3 6 9 2 . 3 
12 1.65 3 7 . 7 0 5 3 2 3 . 4 1 6 6 2 3 . 4 1 6 3 2 0 7 . 9 5 1 2 5 . 8 9 8 4 1 2 . 4 2 5 9 0 . 1 2 6 4 111 
N o : M A I / 1 4 C T D N o : D I 0 3 X 0 6 1 
3a le : 1 8 - 0 7 - 9 3 T i m e : 22 :27 G M T 
L a t : 4 0 5 3 . 3 3 N L o n : 6 2 . 7 2 E bottom D e p t h : 2 6 4 6 M e t r e s 
N o . D e p t h Sal ini ty T e m p P - T e m p O x y g o n A O U F luor D o w n w . H y d r o g e n 
E l e c t r o d e Irrad P e r o x i d e 
(M) ( 0 /00 ) ( D e g . C ) ( D e g . C ) (uM) ( u M 0 2 ) ( R e l . U n i t s } (In) (nM) 
1 1 2 0 . 0 5 38 .3021 1 3 . 4 7 1 5 1 3 . 4 5 4 0 2 1 4 . 0 6 2 3 4 2 . 5 0 1 0 1 0 , 6 8 3 4 2 . 9 2 7 3 17 
2 1 0 0 . 3 0 3 8 . 1 9 8 5 1 3 . 4 2 9 5 1 3 . 4 1 4 9 2 2 8 . 5 4 0 7 2 8 . 4 0 6 9 1 7 . 1 6 1 8 2 .9591 16 .9 
3 8 0 . 0 0 3 8 . 0 7 2 8 1 3 . 4 6 4 1 1 3 . 4 5 2 4 2 4 5 . 3 7 1 7 1 1 . 5 9 7 5 6 8 . 4 7 3 0 2 . 9 7 8 4 1 7 . 9 
4 6 0 . 1 2 3 7 . 9 8 7 7 1 3 . 9 3 4 0 1 3 . 9 2 5 0 2 7 1 . 4 4 3 1 - 1 6 . 7 6 2 0 8 6 . 8 4 0 4 2 .9931 2 1 . 7 
5 50 .31 3 7 . 8 5 9 8 1 4 . 7 7 1 9 1 4 . 7 6 4 1 2 7 4 . 3 3 1 2 - 2 3 . 6 7 1 8 3 1 . 2 9 4 4 3 . 0 0 1 7 26.1 
6 4 0 . 2 5 3 7 . 7 0 0 7 1 6 . 5 2 0 8 1 6 . 5 1 4 2 2 6 6 . 4 0 0 1 - 2 3 . 9 1 6 0 1 9 . 1 2 9 1 3 . 0 0 7 0 35.1 
7 3 0 . 1 9 3 7 , 9 0 9 0 2 0 . 5 3 6 2 2 0 . 5 3 0 3 2 3 7 . 4 6 5 6 - 1 2 . 7 3 0 5 1 1 . 4 6 7 2 3 , 0 0 7 8 3 9 . 3 
6 2 0 . 2 2 3 7 . 6 2 9 6 2 1 . 3 3 3 3 2 1 . 3 2 9 3 2 2 7 . 1 2 3 7 - 5 . 2 1 3 1 1 0 . 6 6 0 6 3 . 0 0 3 3 4 8 . 4 
9 1 5 . 2 0 3 7 , 5 4 9 9 2 1 . 2 0 3 6 2 1 . 2 0 0 6 2 3 7 . 9 0 9 1 - 1 5 , 3 8 0 3 1 1 . 4 7 5 2 2 . g 9 g i 5 0 . 9 
1 0 1 0 . 4 5 3 7 , 5 4 3 1 2 1 . 3 1 1 8 2 1 . 3 0 9 8 2 3 7 . 2 3 9 8 - 1 5 . 1 3 1 7 1 1 . 7 4 3 3 2 . 9 9 2 1 5 6 . 4 
11 4 . 8 8 3 7 . 6 4 2 7 2 2 . 3 8 0 8 2 2 . 3 7 9 8 2 2 8 . 1 9 6 4 - 1 0 . 3 7 5 7 1 1 . 7 3 6 0 2 . 9 8 1 9 7 1 . 9 
12 1.30 3 7 , 5 6 7 3 2 3 . 4 6 9 1 2 3 . 4 6 8 9 2 1 7 . 6 3 7 6 - 3 . 8 1 1 7 1 0 . 1 7 7 1 2 . 9 5 0 0 8 4 
N o : M A l / 2 5 C T D N o : D t 0 3 X 0 7 l 
) a t e : 2 0 - 0 7 - 9 3 T i m e : 10:04 G M T 
L a t : 4 0 4 5 . 7 7 N L o n : e 6 . 8 5 E 3 o a o m D e p t h : 2 5 7 5 M e t r e s 
N o . D e p t h Sal in i ty T e m p P - T e m p O x y g e n A O U F luor D o w n w . H y d r o g e n 
E l e a r o d e Irrsd P e r o x i d e 
(M) ( 0 /00 ) ( D e g . C ) ( D e g . C ) (uM) ( u M 0 2 ) ( R e l . U n i t s ) (In) (nM) 
1 1 9 9 . 2 0 3 8 . 3 4 6 4 1 3 . 1 6 1 9 1 3 . 1 3 3 2 2 1 3 . 4 8 8 8 4 4 . 6 1 9 0 6 . 2 8 6 2 2 . 9 3 4 6 < 1 0 . 6 
2 1 4 9 . 0 8 3 8 , 2 6 2 5 1 3 . 2 0 0 5 1 3 . 1 7 9 0 2 1 7 . 4 9 6 2 4 0 . 5 4 4 6 8 . 9 4 3 8 1 . 1 1 9 0 < 10 .6 
3 1 1 9 . 5 2 3 8 . 1 5 8 4 1 3 . 2 3 8 2 1 3 . 2 2 1 0 2 2 4 . 2 8 6 4 3 3 . 7 2 4 6 1 1 . 3 8 8 9 0 . 8 5 1 2 < 10 .6 
4 9g.e7 3 8 . 1 5 0 1 1 3 . 3 9 6 3 1 3 . 3 8 1 8 2 2 1 . 0 7 7 5 3 6 . 1 2 0 4 8 . 6 7 4 7 0 , 6 6 6 6 < 10 .6 
5 8 9 . 8 8 3 8 , 0 8 2 7 1 3 . 4 5 3 4 1 3 , 4 4 0 3 2 2 2 . 5 0 3 0 3 4 . 5 0 5 9 2 5 . 1 6 0 0 0 . 5 4 6 8 < 1 0 . 6 
6 7 4 . 9 9 3 8 . 0 3 7 2 1 3 . 8 5 1 2 1 3 , 8 4 0 1 2 5 0 . 5 8 6 6 4 . 4 3 9 9 1 1 2 . 8 6 0 9 0 . 3 2 1 1 2 0 . 9 
7 6 4 . 5 3 3 7 . 9 4 3 1 14 .2141 1 4 . 2 0 4 4 2 6 3 . 2 9 2 4 - 9 . 9 6 6 4 1 6 . 6 8 6 7 0 . 1 6 8 8 2 4 . 5 
8 5 4 . 1 0 3 7 . 8 3 1 6 1 5 . 6 8 1 8 1 5 . 6 7 3 1 2 6 4 . 5 1 5 3 - 1 8 . 2 5 5 2 1 3 . 7 8 2 8 0 . 0 2 8 8 43 .1 
g 3 9 . 4 8 3 7 . 9 6 5 0 2 0 , 4 0 0 9 2 0 . 3 9 3 3 2 1 8 . 9 8 7 9 6 . 2 2 2 1 4 . 0 7 3 4 - 0 . 1 0 5 3 6 9 . 3 
1 0 1 9 . 2 3 3 7 . 6 2 6 6 2 1 . 6 3 3 6 2 1 . 6 2 9 7 2 1 7 . 5 4 2 6 3 .1901 3 . 2 9 6 0 - 0 . 3 0 3 9 1 1 6 
11 9 . 8 3 3 7 . 5 6 4 3 2 1 . 9 5 5 2 2 1 . 9 5 3 3 2 2 1 . 2 6 3 4 - 1 . 7 0 4 3 3 . 8 4 2 1 - O . 3 1 5 0 1 2 8 
12 4 . 7 2 3 7 . 5 6 3 5 2 1 . 9 4 4 3 2 1 . 9 4 3 3 2 2 4 . 0 1 5 1 - 4 . 4 1 2 4 4 . 2 5 2 7 - 0 . 4 2 4 6 1 3 6 
185 
C a s t N o : M A 9 / 7 C T D N o D I 0 3 X 0 7 9 
D a t e : 2 2 - 0 7 - 9 3 T ime . 0 9 : 4 4 G M T 
L a t ; 4 3 1 7 . 5 5 N L o n : 4 4 8 . 7 9 E 3ot tom D e p t h : 6 2 . 5 M e t r e s 
Bol t io No . Dep th S a l m n y T e m p P - T e m p O x y g e n A O U R u o r D o w n w . H y d r o g e n 
E l e c t r o d e Irrad P e r o x i d e 
(M) ( 0 /00 ) ( O e g . C ) ( D e g . C ) (uM) ( u M 0 2 ) ( R c l . U n i t s ) (In) (nM) 
1.2 6 4 . 2 8 3 8 . 1 4 6 6 1 3 . 1 6 4 2 1 3 . 1 5 5 0 2 1 8 . 8 5 5 7 3 9 . 5 6 2 5 1 4 . 0 3 6 5 0 . 9 7 3 4 < 1 0 . 6 
3.4 4 9 . 0 0 3 8 . 1 3 5 9 1 3 . 1 8 8 4 1 3 . 1 8 1 4 2 2 9 . 7 4 1 1 2 8 . 5 6 7 2 3 0 . 4 4 3 4 0 . 5 7 7 5 < 1 0 , 6 
5 .6 3 2 . 9 8 3 8 . 1 1 2 5 1 3 . 2 7 3 8 1 3 . 2 6 9 1 2 2 9 . 1 4 0 2 2 8 . 7 5 7 9 1 3 7 . 3 6 2 8 0 . 2 0 1 6 < 1 0 , 6 
7 . 8 2 6 . 3 8 3 8 . 1 0 9 9 1 3 . 3 0 0 9 1 3 . 2 9 7 1 2 2 2 . 0 9 1 8 3 5 . 6 6 8 5 2 1 7 . 6 0 1 7 0 . 0 3 3 0 1 4 . 9 
9 . 1 0 9 . 6 3 3 7 , 9 5 8 0 1 5 . 2 5 7 3 1 5 . 2 5 5 8 2 5 2 . 0 4 8 5 - 3 . 9 2 6 6 1 4 . 3 5 5 0 - 0 . 3 5 2 5 4 3 . 8 
1 1 . 1 2 1 .98 3 7 . 9 5 3 8 1 5 . 2 5 8 7 1 5 . 2 6 8 4 2 5 5 . 6 3 0 2 - 7 . 5 5 7 5 1 0 . 9 1 0 4 - 0 . 6 1 5 0 4 7 . 8 
C a s i N o : M A 9 / 8 C T D N o D 1 0 3 X 0 8 0 
D a l e : 2 2 - 0 7 - 9 3 T i m e ; 11 :34 G M T 
L a t : 4 3 1 7 . 2 7 N L o n : 4 5 3 . 4 7 E Bottom D e p t h : 71 M e t r e s 
Bott le N o . D e p t h Sal in i ty T e m p P - T e m p O x y g e n A O U F luor D o w n w . H y d r o g e n 
E l e c t r o d e Irrad P e r o x i d e 
(M) ( 0 / 0 0 ) ( D e g C ) ( D e g . C ) (uM) ( u M 0 2 ) ( R e l . Un i ts ) (in) (nM) 
1.2 6 9 . 4 9 3 8 . 1 9 1 0 1 3 , 1 9 9 6 1 3 , 1 8 9 7 2 2 5 . 2 0 4 1 3 2 . 9 5 6 3 1 8 . 4 8 4 8 0 , 9 0 7 8 < 1 0 , 6 
3.4 3 9 . 4 2 3 8 . 1 3 5 4 1 3 . 2 0 1 3 1 3 . 1 9 5 7 2 3 9 . 0 3 1 0 1 9 . 2 1 0 1 4 2 . 6 4 8 2 0 , 5 1 6 6 1 3 . 6 
S .6 3 0 . 2 7 3 8 . 1 0 9 9 1 3 . 2 8 7 9 1 3 . 2 8 3 5 2 3 8 . 4 4 5 0 1 9 , 3 8 3 9 5 4 . 9 8 7 5 0 , 3 6 5 2 1 5 . 9 
7 ,8 8 . 0 3 3 7 . 7 4 8 3 1 4 . 9 7 4 2 1 4 . 9 7 3 0 2 5 6 . 0 8 2 2 - 6 . 2 5 1 9 5 1 , 4 9 3 1 - 0 . 2 1 6 9 3 5 . 5 
9 . 1 0 4 . 2 5 3 6 , 5 1 0 8 1 5 , 3 8 8 3 1 5 . 3 8 7 6 2 5 7 . 4 6 5 9 - 7 . 7 7 3 3 2 8 . 7 9 2 6 - 0 . 3 9 2 2 4 7 . 9 
1 1 . 1 2 1 .66 3 5 , 0 5 2 7 1 5 . 5 6 8 7 1 5 . 5 6 8 4 2 5 3 . 5 2 4 3 - 2 . 4 8 1 8 2 7 . 3 5 2 4 - 0 . 6 0 4 4 6 0 . 5 
C a s t N o : MA3/9 C T D N o D I 0 3 X 0 8 1 
• a t e : 2 2 - 0 7 - 9 3 T i m e : 13:54 G M T 
L a i : 4 3 1 6 . 3 2 N L o n : 4 5 3 . 0 8 E Sot tom D e p t h : 8 0 . 5 M e t r e s 
Bott le N o . Dep th Sal in i ty T e m p P - T e m p O x y g e n A O U F luor D o w n w . H y d r o g e n 
E l e c t r o d e Irrad P e r o x i d e 
(M) ( 0 /00 ) ( D e g . C ) ( D e g . C ) (uM) ( u M 0 2 ) ( R e l . Un i ts ) (In) (nM) 
1 4 9 . 7 7 3 8 , 1 4 3 7 1 3 . 1 9 0 0 1 3 . 1 8 2 9 2 4 8 . 8 0 6 8 9 . 4 8 0 5 1 9 . 2 7 4 3 0 . 6 8 1 3 < 1 0 . 6 
2 4 0 . 1 4 3 B . 1 2 8 6 1 3 . 2 6 8 9 1 3 . 2 6 3 1 2 5 1 . 4 7 7 7 6 . 4 2 0 1 4 3 6 0 1 1 0 .4981 < 1 0 . 6 
3 3 0 . 0 7 3 8 . 0 8 1 5 1 3 . 3 6 8 9 1 3 . 3 6 4 5 2 5 7 . 9 5 5 8 - 0 . 5 0 4 6 9 9 . 8 7 3 9 0 .3331 14 .7 
4 2 4 . 9 8 3 8 . 0 6 7 2 1 3 . 5 8 5 9 1 3 . 5 8 2 2 2 6 2 . 1 6 9 1 - 5 , 8 2 3 1 5 4 . 2 8 7 5 0 . 2 7 5 7 1 7 . 5 
5 2 0 . 1 0 3 8 . 0 2 8 9 1 3 . 7 1 4 2 1 3 . 7 1 1 2 2 6 7 . 3 9 7 3 - 1 1 . 6 5 3 0 3 5 . 4 0 7 9 0 . 2 3 1 5 1 6 . 4 
6 1 4 . 9 5 3 7 . 9 7 9 0 1 4 . 5 9 7 8 1 4 . 5 9 5 5 2 7 1 . 5 5 1 8 - 2 0 . 2 1 0 4 1 1 . 8 3 5 0 0 . 1 9 9 0 2 5 . 6 
7 9.81 3 7 . 9 5 6 2 1 4 . 9 4 3 3 1 4 . 9 4 1 7 2 6 5 . 8 4 4 1 - 1 6 . 1 8 0 8 1 3 . 0 8 9 6 0 . 1 3 3 3 29 .1 
8 4 ,91 3 5 . 9 1 3 3 15 .8211 1 5 . 8 2 0 3 2 6 0 . 9 7 6 8 - 1 2 . 4 8 6 0 2 3 . 4 8 3 7 0 . 0 0 4 9 2 9 . 6 
9 2 . 9 5 3 4 . 6 6 2 5 1 5 . 8 2 1 6 1 5 . 8 2 1 1 2 6 4 . 8 6 8 2 - 1 4 . 4 7 2 2 3 0 . 1 9 6 8 - 0 . 2 1 2 6 5 7 
1 0 - 1 2 0 .94 3 2 . 6 6 0 5 1 5 , 8 3 1 7 1 5 . 8 3 1 6 2 7 0 . 8 5 4 3 - 1 7 . 4 2 6 4 2 8 . 5 0 3 2 - 0 . 5 2 3 0 7 2 . 5 
C a s t N o : MA2/1 C T D N o : D I 0 3 X 0 8 2 
D a t e : 2 3 - 0 7 - 8 3 T i m e : 17 :52 G M T 
L a t : 41 4 1 . 9 1 N L o n : 5 3 6 . 4 5 E 3 a n o m D e p t h : 2 4 3 2 M e t r e s 
Bott le N o . D e p t h Sal in i ty T e m p P - T e m p O x y g e n A O U F l u o r D o w n w . H y d r o g e n 
E l e c t r o d e P e r o x i d e 
(M) ( 0 /00 ) ( D e g . C ) ( D e g . C ) (uM) ( u M 0 2 ) ( R e l . U n i t s ) (In) (nM) 
1 2 0 0 . 0 3 3 8 . 4 5 8 9 1 3 , 1 7 7 9 1 3 , 1 4 8 9 2 1 0 . 5 9 8 9 4 7 . 2 4 4 0 9 . 9 1 6 9 2 . 9 7 5 2 < 1 0 . 6 
2 1 4 9 . 4 9 3 8 . 4 1 9 8 1 3 . 1 6 4 6 1 3 . 1 4 3 0 2 1 4 . 5 8 2 5 4 3 . 3 9 2 9 1 0 . 8 0 9 9 2 . 9 9 0 7 < 1 0 . 6 
3 1 1 9 . 3 9 3 8 . 3 4 1 4 1 3 . 0 0 8 7 1 2 . 9 9 1 7 2 2 6 . 0 8 0 6 3 2 . 8 4 1 5 1 1 . 9 2 1 1 2 . 9 8 5 8 < 1 0 . 6 
4 9 9 . 5 4 3 8 . 3 1 9 3 1 3 . 0 2 0 0 1 3 . 0 0 5 8 2 2 8 . 1 5 4 0 3 0 . 7 4 4 4 1 2 . 3 2 4 3 2 . 9 6 0 4 < 1 0 . 6 
5 8 9 . 8 9 3 B . 2 9 8 5 13 ,0611 1 3 . 0 4 8 3 2 3 1 . 0 9 8 8 2 7 . 6 1 6 4 1 8 . 7 1 3 4 2 . 9 1 7 3 < 1 0 . 6 
6 8 0 . 4 1 3 8 . 2 5 3 8 1 3 . 0 6 0 0 1 3 . 0 4 8 5 2 3 3 . 9 5 5 8 2 4 , 8 3 7 7 3 9 . 2 5 7 8 1 .3964 < 1 0 . 6 
7 69 ,81 3 8 . 2 1 2 4 1 3 . 1 1 8 4 1 3 . 1 0 8 4 2 3 7 . 0 6 5 8 2 1 . 4 8 7 3 7 2 . 7 9 1 0 1 . 1 2 8 8 1 6 . 9 
8 6 0 . 5 9 3 8 . 1 7 9 0 1 3 . 2 3 5 7 1 3 . 2 2 7 0 2 4 5 . 8 2 1 5 1 2 . 1 6 9 2 1 7 6 4 5 5 9 0 . 9 1 5 6 2 5 . 8 
9 4 9 . 8 3 3 8 . 1 2 6 4 1 3 . 6 9 1 4 1 3 . 6 8 4 0 2 7 4 . 5 4 5 7 - 1 8 . 8 3 9 1 6 3 . 6 2 3 0 0 . 6 9 3 2 3 4 . 5 
1 0 3 7 . 6 9 38 .1061 1 9 . 6 9 6 6 1 9 . 6 8 9 5 2 2 7 . 2 3 3 0 0 . 6 8 5 6 1 2 . 5 1 1 1 0 . 4 8 3 9 6 3 . 5 
11 1 9 . 6 7 3 8 . 0 9 8 0 19 .7661 1 9 . 7 6 2 4 2 2 9 . 6 6 6 9 • 2 . 0 2 6 2 1 1 . 0 5 0 0 0 . 3 0 9 2 8 3 . 3 
12 2 . 0 2 3 8 . 0 9 9 9 1 9 . 8 7 0 5 1 9 . 8 7 0 1 2 2 7 . 8 4 8 9 • 0 . 6 4 3 4 1 1 . 8 5 3 7 - 0 . 0 4 5 9 6 9 . 7 
186 
C a s l N o ; M A 3 / 7 
D a t e : 2 4 - 0 7 - 9 3 
C T D N o : 0 1 0 3 X 0 9 0 
T i m e : 10 :50 G M T 
L a i : 4 2 g . 8 6 N L o n : 5 2 3 . 3 5 E bottom D e p t h : 2 2 9 2 M e t r e s 
N o . D e p t h Sal in i ty T e m p P - T o m p O x y g o n A O U R u o r D o w n w . H y d r o g e n 
E l e c t r o d e Irrad P e r o x i d e 
(M) ( 0 / 0 0 ) ( D e g . C ) ( D e g . C ) (uM) ( u M 0 2 ) ( R e l . U n i t s ) (In) (nM) 
1 1 4 6 . 7 0 3 8 . 3 8 5 9 1 3 . 0 8 3 9 1 3 . 0 6 2 6 2 1 0 . 6 6 6 2 4 7 . 7 8 7 7 1 0 . 1 3 1 8 1 . 3 1 5 7 < 1 0 , 6 
2 1 1 9 . 5 4 3 8 . 3 4 8 0 1 3 . 0 4 9 1 1 3 . 0 3 2 0 2 1 4 , 8 0 2 6 4 3 . 8 9 6 0 1 2 . 2 1 6 6 1 . 0 1 5 6 < 1 0 . 6 
3 0 9 . 3 6 3 8 . 3 4 5 3 1 3 . 2 4 6 8 1 3 . 2 3 2 5 2 1 1 . 5 1 5 5 4 6 . 1 4 9 2 1 2 . 5 4 6 8 0 , 8 3 5 5 < 1 0 , 6 
4 7 9 , 5 4 3 8 . 3 0 0 0 1 3 . 2 3 3 0 1 3 . 2 2 1 5 2 1 4 . 5 9 2 8 4 3 . 2 1 7 1 1 8 . 3 9 4 8 0 . 6 5 7 3 < 1 0 . 6 
5 7 0 . 1 0 3 8 . 2 4 2 9 1 3 . 1 9 0 2 1 3 . 1 8 0 1 2 1 2 . 7 2 9 3 4 5 . 3 9 7 3 6 2 . 4 1 5 7 0 . 5 5 5 6 < 1 0 , 6 
6 5 5 . 4 9 3 8 . 1 7 2 4 1 3 . 2 7 3 1 1 3 . 2 6 5 1 2 3 2 . 6 4 6 3 2 4 . 9 5 9 1 4 1 3 . 1 1 7 3 0 . 2 6 4 6 2 2 , 8 
7 4 9 . 5 3 3 8 . 1 4 7 7 1 3 . 5 5 4 4 1 3 . 5 4 7 2 2 5 2 . 1 3 8 7 4 . 2 4 1 8 1 4 7 . 4 1 3 7 0 . 1 3 3 0 3 4 . 5 
8 4 1 . 3 2 3 8 . 1 2 6 8 1 4 . 1 4 0 9 1 4 . 1 3 4 7 2 5 5 . 7 4 9 2 - 2 . 3 4 0 6 9 4 . 4 2 1 7 - 0 , 0 1 5 0 4 6 . 7 
9 2 9 . 8 2 3 8 . 0 8 0 7 1 8 . 4 9 4 0 1 8 . 4 8 8 7 2 2 4 . 5 4 8 8 8 , 5 1 4 1 2 0 , 6 1 0 6 - 0 , 1 4 1 5 8 8 
10 1 9 . 7 9 3 8 . 0 8 5 0 1 8 . 9 4 7 6 1 8 . 9 4 4 0 2 2 5 . 3 3 2 6 5 . 7 7 2 0 1 7 , 5 3 6 7 - 0 . 2 6 8 5 8 9 . 7 
11 9 . 3 6 3 8 . 1 2 4 5 1 9 . 3 2 3 8 1 9 . 3 2 2 1 2 3 2 . 1 7 9 8 - 2 . 7 2 5 3 1 4 . 9 9 6 9 - 0 . 3 9 8 2 8 3 . 7 
12 4 . 7 3 3 8 . 1 1 0 3 1 9 . 4 5 1 7 1 9 . 4 5 0 8 2 3 2 . 8 9 5 1 - 3 . 9 5 8 9 1 0 , 8 3 2 2 - 0 , 4 7 8 7 8 8 , 9 
t N o : MA4/1 C T D No; 0 1 0 3 X 0 9 1 
Dale: 2 4 - 0 7 - 9 3 T i m e : 14 :03 G M T 
L a t : 4 2 2 6 . 2 5 N L o n : 5 1 4 . 1 4 E bottom D e p t h : 2 1 1 5 M e t r e s 
i No . D e p t h Sal in i ty T e m p P - T e m p O x y g e n A O U Ftuor D o w n w . H y d r o g e n 
E t e c t r o d e i r rsd P e r o x i d e 
(M) ( 0 /00 ) ( D e g . C ) ( O e g . C ) (uM) ( u M 0 2 ) ( R e l , U n t t s ) (in) (nM) 
1 1 5 0 . 0 7 3 8 . 4 6 6 5 1 3 . 3 2 9 0 1 3 . 3 0 7 1 2 0 4 . 5 4 9 7 5 2 . 4 9 1 5 1 0 . 9 8 9 5 2 . 9 8 1 2 < 1 0 . 6 
2 1 2 0 . 2 7 3 8 . 4 4 3 4 1 3 . 3 3 6 6 1 3 . 3 1 9 1 2 0 5 . 7 6 8 0 5 1 , 2 7 0 5 1 1 . 1 2 7 5 1 . 4 3 0 5 < 1 0 . 6 
3 9 9 . 7 5 3 8 . 4 2 5 7 1 3 . 3 2 7 7 1 3 . 3 1 3 2 2 0 6 . 7 7 2 0 5 0 . 3 4 1 3 1 1 . 9 0 8 7 1 .1411 < 1 0 . 6 
4 7 9 . 8 8 3 8 . 3 7 6 9 1 3 . 2 5 8 2 1 3 . 2 4 6 7 2 0 9 . 5 4 3 8 4 8 . 0 1 0 6 1 4 . 0 9 1 0 0 . 9 7 1 5 < 1 0 , 6 
5 6 9 . 9 8 3 8 . 3 4 9 0 1 3 . 2 2 9 9 1 3 . 2 1 9 8 2 1 0 . 4 1 2 0 4 7 . 3 3 5 3 2 5 . 2 9 6 1 0 .8271 < 1 0 . 6 
6 5 9 . 9 4 3 8 . 3 3 7 8 1 3 . 2 2 5 0 1 3 . 2 1 6 4 2 1 4 . 9 2 8 3 4 2 . 8 6 2 7 3 0 , 8 0 8 5 0 . 6 9 3 9 < 1 0 . 6 
7 4 5 . 2 2 3 8 . 3 0 7 6 1 3 . 2 4 2 2 1 3 . 2 3 5 7 2 1 6 . 9 4 4 9 4 0 . 6 0 4 6 1 5 1 , 6 9 6 6 0 . 4 5 4 7 1 7 . 2 
8 3 2 . 2 6 3 8 . 1 8 7 7 1 3 . 4 4 0 5 1 3 . 4 3 5 8 2 5 0 . 2 1 4 9 6 . 6 9 2 8 9 6 4 . 0 9 4 4 0 . 0 8 9 5 5 1 . 8 
9 2 5 . 2 4 3 8 . 1 2 6 3 1 4 . 3 3 4 4 1 4 . 3 3 0 6 2 6 4 . 7 8 3 7 - 1 2 . 3 5 1 8 1 1 0 . 5 4 0 1 - 0 , 0 9 0 7 7 6 . 4 
10 1 8 . 0 7 3 8 . 0 7 6 7 1 5 . 7 7 2 3 1 5 . 7 6 9 4 2 5 4 . 5 4 1 8 • 9 . 0 8 4 0 2 6 . 5 8 9 6 - 0 . 2 2 2 9 97 .1 
11 1 0 . 1 2 3 8 . 0 1 4 7 1 7 . 2 8 7 7 1 7 . 2 8 6 0 2 3 8 . 7 4 9 2 -0 .2471 1 2 , 4 2 3 2 - 0 . 3 2 8 1 9 3 , 6 
12 5 . 3 0 3 8 . 0 1 3 9 1 7 . 8 2 5 4 1 7 . 8 2 4 5 2 1 7 . 0 8 0 8 1 9 . 0 1 0 9 9 . 0 6 3 1 - 0 , 4 1 0 3 1 2 3 
t N o : M A 5 / 7 C T D No: 0 1 0 3 X 1 0 3 
3ate : 2 6 - 0 7 - 9 3 T i m e ; 11 :59 G M T 
L a t : 4 2 4 2 . 2 8 N L o n : 5 5 . 2 3 E bottom D e p t h : 1 5 6 6 M e t r e s 
» N o . D e p t h Sal in i ty T e m p P - T e m p O x y g e n A O U R u o r O o w n w . H y d r o g e n 
E l e c t r o d e Irrad P e r o x i d e 
(0 /00 ) ( D e g . C ) ( D e g . C ) (uM) ( U M 0 2 ) ( R e l . U n i t s ) (In) (nM) 
1 1 9 9 . 5 9 3 8 . 4 5 7 9 1 3 . 3 1 7 9 1 3 . 2 8 8 8 1 9 1 . 6 4 4 9 6 5 , 4 6 8 0 4 , 0 3 3 1 3 . 0 0 1 7 < 1 0 . 6 
2 1 8 0 . 0 2 3 8 . 3 6 9 5 1 3 . 1 3 3 2 1 3 . 1 0 7 3 2 0 5 . 3 7 4 8 5 2 . 8 4 6 4 4 . 6 3 9 3 2 . 9 7 6 5 < 1 0 . 6 
3 1 3 9 . 8 4 3 8 . 3 4 7 2 1 3 . 3 2 6 0 1 3 . 3 0 5 7 2 0 1 . 9 3 8 8 5 5 . 3 0 9 3 3 . 5 3 0 0 1 . 2 4 9 7 < 1 0 . 6 
4 9 9 . 3 1 3 8 . 2 1 6 8 1 3 . 2 3 8 9 1 3 . 2 2 4 5 2 1 6 . 7 7 7 5 4 1 . 1 3 5 8 4 . 3 7 6 0 0 , 6 5 8 9 < 1 0 . 6 
5 7 9 . 8 5 3 8 . 1 5 3 6 1 3 . 1 7 8 9 1 3 . 1 6 7 4 2 2 2 . 9 9 8 4 3 5 . 3 3 1 3 1 2 . 7 6 8 3 0 , 6 7 7 7 < 1 0 , 6 
6 6 9 . 3 6 3 8 . 1 3 8 9 13 .2481 1 3 . 2 3 8 1 2 2 6 . 0 6 7 4 3 1 . 9 2 3 2 2 8 . 0 6 6 0 0 .5691 < 1 0 , 6 
7 5 9 . 4 5 3 8 . 1 0 7 9 1 3 . 2 7 5 4 1 3 . 2 6 6 9 2 3 0 . 4 4 1 7 2 7 . 4 5 5 4 6 3 , 8 9 4 9 0 . 4 4 6 8 < 1 0 . 6 
a 5 0 . 2 6 3 8 . 0 8 4 9 1 3 . 3 2 6 7 1 3 . 3 1 9 4 2 3 1 . 6 8 4 9 2 5 , 9 8 1 2 1 0 8 . 1 6 8 4 0 . 3 4 4 7 2 2 , 6 
9 4 0 . 0 2 3 8 . 0 5 0 1 1 3 . 5 1 2 7 1 3 . 5 0 6 8 2 4 7 . 6 0 3 2 9 . 1 4 9 7 4 0 . 5 3 7 3 0 . 2 3 0 9 2 6 . 4 
1 0 2 3 . 9 0 3 8 . 0 1 3 9 15 .0801 1 5 . 0 7 6 3 2 5 5 . 9 7 2 8 - 7 . 0 7 0 5 9 . 6 1 5 8 0 . 1 1 3 9 4 3 . 5 
11 1 0 . 1 8 3 8 . 0 1 2 4 1 8 . 1 5 3 8 1 8 . 1 5 2 0 2 2 9 . 1 0 9 7 5 . 5 3 3 9 5 , 6 5 6 3 - 0 . 0 5 3 6 80 .1 
12 5 . 3 4 3 8 . 0 1 1 6 1 8 . 1 7 5 3 1 8 . 1 7 4 3 2 3 6 . 0 9 5 8 - 1 . 5 4 5 3 6 . 3 6 9 4 0 . 0 1 2 6 8 3 . 5 
187 
C a s t N o : M F l / 2 C T D N o D I 0 3 X 1 0 6 
D a t e : 2 7 - 0 7 - 9 3 T i m e : 0 7 : 5 6 G M T 
Lot : 4 2 4 5 . 8 6 N L o n : 5 5 9 . 1 7 E toUom D e p t h : 2 3 9 2 M e t r e s 
Bott le N o . D e p t h Sal in i ty T a m p P - T e m p O x y g e n A O U R u o r O o w n w . H y d r o g e n 
E l e c t r o d e Irrad P e r o x i d e 
(M) ( 0 / 0 0 ) ( D e g C ) ( O e g . C ) (uM) ( u M 0 2 ) ( R e l , U n t t s ) ( In) (nM) 
1 1 5 C . 4 2 3 8 . 4 6 0 7 1 3 . 3 6 0 1 1 3 . 3 3 8 1 1 9 0 . 7 3 6 2 6 6 . 1 5 2 4 3 . 3 8 6 3 2 . 9 9 5 6 < 1 0 . 6 
2 1 3 0 . 1 0 3 8 . 4 2 6 2 1 3 . 3 2 8 6 1 3 . 3 0 9 7 1 9 8 . 0 1 0 8 5 9 . 0 9 7 1 4 . 2 3 9 4 2 . 9 8 8 4 < 1 0 . 6 
3 1 0 9 . 8 3 3 8 , 4 0 9 7 1 3 . 3 0 1 4 1 3 . 2 8 5 5 2 0 0 . 2 0 3 7 5 7 . 0 7 2 3 5 . 0 6 1 6 2 , 9 4 5 0 < 1 0 . 6 
4 8 9 . 2 9 3 8 . 3 4 8 4 1 3 . 2 8 6 9 1 3 . 2 7 4 0 2 0 0 . 0 0 4 0 5 7 . 4 4 6 3 9 . 9 2 5 2 1 . 3 0 3 8 < 1 0 . 6 
5 7 0 . 9 2 3 8 . 2 8 8 8 1 3 . 2 2 7 9 1 3 . 2 1 7 7 2 0 5 . 7 5 1 8 5 2 . 1 0 2 8 3 2 . 1 0 4 9 1 . 0 0 5 9 < 1 0 . 6 
6 6 0 . 0 1 3 8 . 2 4 4 5 1 3 . 2 1 4 2 1 3 . 2 0 5 5 2 1 1 . 4 9 5 5 4 6 . 5 0 2 5 5 9 , 3 5 4 1 0 , 8 0 7 0 1 6 . 8 
7 4 9 . 8 3 3 8 , 2 1 1 7 1 3 . 2 3 4 4 1 3 . 2 2 7 2 2 1 6 . 4 2 5 4 4 1 . 5 1 9 5 1 8 9 . 4 1 3 4 0 , 6 0 6 7 1 9 . 8 
8 3 9 . 2 6 3 8 . 1 7 1 9 1 3 , 2 3 1 0 1 3 . 2 2 5 4 2 1 9 . 9 7 5 9 3 8 . 0 5 0 8 4 4 3 . 3 7 6 0 0 , 3 4 3 5 2 9 . 6 
9 2 9 . 8 1 3 8 , 1 6 2 9 1 3 . 3 5 8 4 1 3 . 3 5 4 1 2 3 6 . 9 7 3 4 2 0 . 4 0 1 6 2 0 7 . 5 2 5 4 0 . 0 6 0 9 3 8 . 3 
10 2 0 . 3 5 3 8 . 0 7 4 1 1 3 . 7 1 5 8 1 3 . 7 1 2 8 2 4 8 . 9 5 2 1 6 . 7 1 1 9 2 2 . 2 2 7 1 - 0 . 1 6 4 9 6 5 . 6 
11 1 2 . 8 8 3 8 , 1 0 1 3 1 9 . 5 1 1 9 1 9 . 5 0 9 5 2 2 0 . 8 1 7 3 7 .8791 6 , 0 4 8 3 - 0 . 2 9 2 8 78.1 
12 5 . 5 2 3 8 , 0 3 0 2 2 0 . 6 1 2 4 2 0 . 6 1 1 3 2 1 8 . 3 1 6 1 5 . 9 5 0 3 6 . 5 0 5 9 - 0 , 3 8 6 5 91 
C a s t N o : M F 3 / 1 C T O N o 0 1 0 3 X 1 0 8 
D a t e : 2 7 - 0 7 - 9 3 T i m e : 16 :32 G M T 
L a t : 4 3 6 . 7 8 N L o n : 5 1 2 . 2 1 E Jo t tom D e p t h : 2 2 2 M e t r e s 
B o l l l e N o . D e p t h Sal in i ty T e m p P - T e m p O x y g e n A O U F luor D o w n w . H y d r o g e n 
E l e c t r o d e Irrad P e r o x i d e 
(M) ( 0 /00 ) ( D e g . C ) ( D e g . C ) (uM) ( u M 0 2 ) ( R e l . U n i t s ) (In) (nM) 
1 2 3 4 . 0 8 3 8 . 4 3 7 2 1 3 . 3 3 7 9 1 3 . 3 0 3 8 1 8 5 . 1 1 7 8 7 1 . 9 2 3 6 5 , 9 6 1 1 3 . 0 2 7 3 < 1 0 , 6 
2 1 4 9 . 7 0 3 8 , 2 9 5 0 1 3 , 2 8 4 7 1 3 . 2 6 3 0 2 0 7 . 2 2 4 7 5 0 . 3 2 3 1 7 . 4 9 5 2 3 .0301 < 1 0 . 6 
3 1 1 9 . 3 3 3 8 . 1 8 9 7 1 3 . 2 4 2 7 1 3 . 2 2 5 5 2 1 9 . 0 2 4 7 3 8 . 9 1 2 1 9 , 8 8 9 6 3 . 0 1 7 9 < 1 0 . 6 
4 9 9 . 4 4 3 8 . 1 5 6 8 1 3 , 2 6 5 4 1 3 . 2 5 1 0 2 2 1 . 3 1 4 9 3 6 . 5 5 6 2 1 5 . 6 4 4 2 2 . 9 6 0 7 < 1 0 . 6 
5 7 9 . 1 5 3 8 . 1 2 0 6 1 3 . 3 0 8 6 1 3 . 2 9 7 2 2 2 0 . 1 6 8 2 3 7 . 5 3 4 8 2 0 . 0 8 6 5 1 . 2 2 9 6 < 1 0 . 6 
6 7 0 . 5 6 3 8 . 1 0 8 3 1 3 . 3 4 6 2 1 3 . 3 3 8 0 2 2 7 . 8 8 5 7 2 9 . 6 3 0 0 3 1 . 1 9 6 5 1 . 0 6 8 9 < 1 0 . 6 
7 5 9 . 4 7 3 8 . 0 5 8 9 1 3 . 4 3 2 3 1 3 . 4 2 3 6 2 3 3 . 5 7 6 3 2 3 . 5 8 0 6 7 2 . 3 8 6 3 0 .8721 1 9 . 2 
B 4 8 . 9 1 3 8 . 0 6 5 4 1 3 . 6 4 5 9 1 3 . 6 3 8 8 2 4 3 . 3 5 8 8 1 2 . 6 7 9 5 8 8 . 1 4 5 1 0 . 6 6 8 0 2 1 . 3 
9 3 8 . 3 7 3 8 . 0 5 8 4 1 3 . 9 1 5 0 1 3 . 9 0 9 3 2 4 2 . 4 1 2 1 12 .2541 1 0 9 . 9 0 4 3 0 . 4 6 0 3 2 3 , 6 
1 0 2 9 , 4 6 3 8 , 0 5 6 4 1 3 . 9 9 7 5 1 3 . 9 9 3 1 2 4 4 . 4 0 8 6 9 . 8 3 9 9 8 1 . 5 0 2 4 0 . 2 8 7 7 2 7 . 9 
11 1 0 . 6 9 3 8 , 0 0 3 9 1 4 . 5 0 0 6 1 4 . 4 9 9 0 2 2 7 . 9 8 9 2 2 3 . 7 9 9 2 2 0 , 6 8 9 9 - 0 , 0 9 3 9 4 3 6 
12 4 . 1 3 3 8 , 0 4 5 0 1 8 . 6 0 5 9 1 8 , 6 0 5 1 2 2 1 . 0 9 1 4 1 1 . 5 3 6 9 1 1 . 0 9 4 2 - 0 . 2 4 7 7 8 3 . 3 
C a s t N o : M A 7 / 6 C T D No: O I 0 3 X 1 1 5 
D a t e : 2 6 - 0 7 - 9 3 T i m e ; 08:01 G M T 
L a t : 4 3 5 . 2 4 N L o n : 4 5 6 . 4 4 E tottom D e p t h : 111 M e t r e s 
Bott le N o . D e p t h Sa l in i ty T e m p P - T e m p O x y g e n A O U F luor D o w n w . H y d r o g e n 
E l e c t r o d e Irrad P e r o x i d e 
(M) (0 /00 ) ( O e g . C ) ( D e g . C ) (uM) ( u M 0 2 ) ( R e t . U n i t s ) (in) (nM) 
1 1 1 0 . 3 6 3 8 . 2 1 8 6 1 3 . 2 0 1 5 1 3 . 1 8 5 6 2 0 5 . 6 7 6 3 5 2 . 4 2 9 8 1 1 . 9 5 5 9 1 . 5 1 4 2 < 1 0 . 6 
2 7 9 . 9 6 3 6 . 1 4 8 5 1 3 . 1 6 9 1 1 3 . 1 5 7 7 2 2 7 . 4 3 7 0 3 0 . 9 5 2 3 1 8 . 2 1 5 1 0 . 9 0 7 4 < 1 0 . 6 
3 5 9 . 8 2 3 8 . 1 1 5 5 1 3 . 2 8 6 4 1 3 . 2 7 7 7 2 2 8 . 8 9 0 3 2 8 . 9 3 7 3 6 3 . 8 0 5 8 0 . 6 5 0 6 1 7 . 2 
4 4 9 . 2 6 3 8 . 0 9 8 2 1 3 . 3 9 1 8 1 3 , 3 8 4 7 2 3 6 . 9 2 1 0 2 0 . 3 8 3 7 2 9 . 5 2 5 1 0 . 4 9 8 0 2 0 . 2 
5 4 0 . 4 4 3 8 . 0 7 6 6 1 3 , 5 9 0 7 1 3 . 5 8 4 8 2 4 4 . 5 6 7 5 1 1 . 7 3 8 3 2 3 . 9 4 4 4 0 .3751 2 2 . 3 
6 2 9 . 5 6 3 6 . 0 5 9 4 1 4 . 4 3 8 4 1 4 . 4 3 4 0 2 4 8 . 4 7 7 6 3 . 5 3 5 9 2 2 . 0 4 2 2 0 . 2 1 9 0 2 7 . 8 
7 1 9 . 9 5 3 7 , 9 4 7 0 1 6 . 1 1 4 9 1 6 . 1 1 1 7 2 4 6 . 2 3 0 3 - 2 . 2 0 5 9 3 2 . 7 B 8 8 0 . 0 5 3 6 3 7 . 8 
8 9 . 7 8 3 7 . 4 6 2 7 1 6 . 6 5 3 3 1 6 . 6 5 1 7 2 4 7 . 9 7 7 2 - 5 . 7 5 9 7 9 0 . 1 6 1 0 - 0 . 1 7 9 7 4 2 . 4 
9 - 1 2 4 . 6 8 3 7 . 3 3 3 3 1 6 . 8 2 3 5 1 6 . 8 2 2 7 2 5 1 . 3 1 4 3 - 9 , 6 9 6 7 5 8 . 2 9 7 2 - 0 . 3 4 1 9 4 2 . 5 
188 
C a s t N o : M A S / I C T D N o : D I 0 3 X 1 1 7 
D a l e : 2 8 - 0 7 - 9 3 Ttmo: 1 3 : 4 5 G M T 
L a i : 4 3 1 2 . 4 6 N L o n : 4 5 0 . 5 2 E bottom D e p t h : 9 5 M e t r e s 
Bottio N o . D e p t h Sal in i ty T e m p P - T e m p O x y g e n A O U F luor D o w n w . H y d r o g e n 
E l e c t r o d e Irrad P e r o x i d a 
(M) ( 0 /00 ) ( D e g . C ) ( D e g . C ) (uM) ( u M 0 2 ) ( R e l . U n t t s ) (In) (nM) 
1 9 5 . 8 4 3 8 . 2 1 5 0 1 3 . 2 0 3 7 1 3 . 1 8 9 9 2 1 0 . 4 5 2 2 4 7 . 6 4 8 1 1 4 . 8 6 9 7 1 . 3 3 9 6 < 1 0 . 6 
2 8 0 . 1 0 3 8 . 1 7 3 3 1 3 . 2 0 5 4 1 3 . 1 9 3 9 2 2 5 . 3 1 0 1 3 2 . 8 4 8 6 2 0 . 4 0 3 5 1 .0174 < 1 0 . 6 
3 6 9 . 7 3 3 8 . 1 3 8 6 13 .2071 13 .1971 2 2 7 . 3 4 5 1 3 0 . 8 6 0 4 2 4 . 0 0 6 3 0 . 8 8 6 9 < 1 0 . 6 
4 5 9 . 6 8 3 8 . 1 0 7 7 1 3 . 3 1 4 3 1 3 . 3 0 5 6 2 2 9 . 7 0 2 9 2 7 . 9 9 1 5 6 8 . 0 5 5 2 0 . 7 3 3 6 < 1 0 . 6 
5 4 9 . 9 6 3 8 . 1 0 1 9 1 3 , 3 3 0 5 1 3 . 3 2 3 3 2 3 0 . 8 0 2 0 2 6 . 8 1 6 5 9 2 . 1 1 9 8 0 . 5 7 8 4 < 1 0 . 6 
6 3 9 . 2 8 3 8 . 0 6 8 1 1 3 . 5 8 5 5 1 3 . 5 7 9 8 2 3 6 . 1 2 8 3 1 8 . 2 1 8 3 5 0 . 7 2 7 4 0 .4241 19 .7 
7 2 9 . 6 6 3 8 . 0 4 7 6 1 3 . 8 3 9 9 1 3 . 8 3 5 5 2 4 5 , 3 0 6 6 9 . 7 6 1 5 5 7 . 0 4 6 1 0 .2901 2 0 . 4 
1 7 . 6 2 3 7 . 9 7 6 0 1 4 . 7 8 2 4 1 4 . 7 7 9 6 2 4 8 . 5 9 9 9 1 .8281 5 6 , 7 9 2 4 0 . 0 7 2 4 3 1 . 4 
9 1 2 . 5 0 3 7 . 8 0 8 5 1 5 . 2 8 4 5 1 5 . 2 8 2 6 2 4 9 . 2 4 2 3 - 1 . 0 2 5 4 1 6 7 . 7 2 1 3 - 0 . 0 6 3 5 4 1 . 8 
1 0 5 . 0 0 3 7 . 5 5 0 7 1 6 . 3 6 5 0 1 6 . 3 6 4 2 2 4 0 . 5 0 7 4 2 . 9 2 7 8 6 0 . 7 3 4 3 - 0 . 3 0 8 3 45 .1 
11 0 . 4 4 3 0 . 8 6 0 0 1 8 . 8 2 1 5 1 8 . 8 2 1 5 2 3 6 . 3 8 9 6 5 . 4 6 8 3 9 9 . 4 2 9 0 - 0 . 5 9 7 3 1 4 8 
12 0 . 1 9 3 0 . 7 6 4 1 1 8 . 8 4 1 6 1 8 . 8 4 1 5 6 6 6 . 6 9 3 7 - 4 2 4 . 7 8 8 8 - 0 . 6 2 1 3 154 
C a s t N o : MA6/1 C T D N o D I 0 3 X 1 1 6 
D a t e : 2 8 - 0 7 - 9 3 T i m e : 10 :24 G M T 
L a t : 4 2 5 5 . 8 4 N L o n : 4 5 9 . 4 8 E Bottom D e p t h : 6 8 5 M e t r e s 
Bottle N o . D e p t h Sal in i ty T e m p P - T e m p O x y g e n A O U F l u o r D o w n w . H y d r o g e n 
E t e c t r o d e Irrad P e r o x i d e 
(M) ( 0 /00 ) ( D e g . C ) ( D e g . C ) (UM) ( u M 0 2 ) ( R e l , Un i ts ) (In) (nM) 
1 7 0 4 . 6 7 3 8 , 4 9 0 7 1 3 . 1 9 6 9 1 3 . 0 9 2 9 1 8 7 . 5 4 9 6 7 0 . 1 4 2 5 7 . 5 8 4 5 3 . 0 3 6 4 < 1 0 . 6 
2 4 9 9 . 8 2 3 8 . 5 3 2 2 1 3 . 3 6 8 4 1 3 . 2 9 4 6 1 8 2 . 0 3 8 0 7 4 , 6 9 2 8 7 , 8 0 9 7 3 , 0 3 9 5 < 1 0 . 6 
3 2 9 9 . 5 7 3 8 . 5 0 3 6 1 3 . 3 6 4 5 1 3 . 3 2 0 6 1 8 5 . 7 3 0 7 7 1 . 0 6 6 3 7 . 9 5 4 2 3 , 0 3 9 5 < 1 0 . 6 
4 1 9 9 , 2 5 3 8 . 3 9 7 2 1 3 . 2 6 3 4 1 3 . 2 3 4 4 1 9 4 . 8 7 9 3 6 2 , 6 1 5 5 9 . 1 0 7 9 3 . 0 2 7 3 < 1 0 . 6 
5 1 4 9 . 6 4 3 8 . 3 2 5 0 1 3 . 3 1 4 6 1 3 . 2 9 2 8 1 9 6 . 9 8 3 1 6 0 , 3 6 0 4 7 . 2 2 1 9 2 . 9 0 2 3 < 1 0 . 6 
6 9 9 . 5 0 3 8 . 1 8 5 4 1 3 . 2 6 4 1 1 3 . 2 4 9 7 2 1 8 . 0 1 5 1 3 9 . 8 1 6 8 1 7 . 6 8 5 3 0 . 9 3 9 5 < 1 0 . 6 
7 7 9 . 7 3 3 8 . 1 2 3 0 1 3 . 2 6 6 5 1 3 . 2 5 5 0 2 2 9 . 7 3 5 9 2 8 . 1 8 4 0 4 1 . 2 6 4 2 0 7 2 2 5 1 7 . 2 
8 5 9 . 6 5 3 8 . 0 7 5 6 1 3 , 4 7 9 2 1 3 . 4 7 0 5 2 4 2 . 7 5 5 0 1 4 . 1 3 1 0 1 0 5 . 1 2 9 3 0 . 4 4 5 2 2 0 . 7 
9 4 9 . 8 3 3 8 . 0 5 9 8 1 3 . 6 7 2 6 1 3 , 6 6 5 3 2 4 0 . 5 1 1 6 1 5 . 3 9 7 9 1 0 6 . 3 7 9 3 0 . 3 1 9 7 2 3 . 2 
1 0 4 0 . I B 3 8 . 0 2 9 8 1 4 . 2 0 5 4 1 4 . 1 9 9 4 2 4 8 . 6 2 6 8 4 . 6 0 6 9 5 1 . 5 2 7 0 0 . 2 2 7 0 29.1 
11 20 .21 3 8 . 0 2 3 7 1 6 . 2 1 1 9 1 6 . 2 0 8 5 2 4 2 . 3 6 7 9 1 . 0 8 5 5 1 5 . 8 6 4 5 0 . 0 1 6 5 6 1 . 3 
1 2 4.61 3 8 . 0 1 8 1 1 6 . 9 4 8 6 1 6 . 9 4 7 8 2 4 1 . 9 3 S 8 - 1 . 8 9 4 3 9 . 3 6 1 7 • 0 . 4 0 6 6 6 5 
C a s t N o : M E 2 / 1 C T D N o . D I 0 3 X 1 1 8 
D a t e : 2 9 - 0 7 - 9 3 T i m e : 1 5 : 4 0 G M T 
L a i : 4 3 1 7 . 3 8 N L o n : 4 2 5 . 9 4 E Bottom Depth : 5 9 M e t r e s 
Bottle N o . D e p t h Sal in i ty T e m p P - T e m p O x y g e n A O U R u o r D o w n w . H y d r o g e n 
E l e c t r o d e Irrad P e r o x i d e 
(M) ( 0 /00 ) ( D e g . C ) ( D e g . C ) (uM) ( u M 0 2 ) ( R e l . U n r t s ) (In) (nM) 
1-2 4 1 , 8 6 3 8 . 1 1 2 1 1 3 . 1 8 3 8 1 3 . 1 7 7 8 2 1 7 . 2 2 1 1 4 1 . 1 5 0 1 6 2 . 7 5 2 3 0 .3881 1 6 . 2 
3-4 3 4 . 8 9 3 8 . 0 8 8 6 1 3 . 3 1 8 8 1 3 . 3 1 3 7 2 4 6 . 3 9 4 2 1 1 . 3 0 7 2 8 0 . 2 3 5 9 0 . 2 2 8 9 2 0 . 9 
5 -6 2 4 . 9 4 3 8 . 0 4 4 1 1 3 . 7 3 2 1 1 3 . 7 2 8 4 2 6 3 . 3 2 9 1 - 7 . 7 0 1 3 3 1 . 5 4 0 9 0 . 0 5 8 9 3 2 . 5 
7 -8 1 5 . 4 4 3 7 . 9 3 5 1 1 5 . 8 1 3 5 1 5 , 8 1 1 0 2 4 9 . 3 8 1 2 - 3 . 9 0 7 6 2 9 . 0 0 6 2 - 0 . 1 2 4 7 5 1 . 6 
9 - 1 0 1 0 . 0 4 3 7 . 8 8 9 4 1 6 . 9 0 1 4 1 6 . 8 9 9 7 2 4 4 . 7 2 8 2 - 4 . 2 8 3 1 3 1 . 8 3 2 5 - 0 . 2 3 1 9 6 0 . 5 
1 1 - 1 2 1.71 3 7 . 8 4 9 4 1 8 . 5 4 1 0 1 8 , 5 4 0 7 2 3 6 . 9 9 2 4 - 3 . 8 1 0 7 1 8 . 9 6 2 8 - 0 . 4 8 0 0 1 1 8 
189 
C a s l N o : M D 1 / 6 C T D N o : D I 0 3 X 1 2 5 
D a t e : 3 0 - 0 7 - 9 3 T i m e : 10:04 G M T 
L a i : 4 2 4 7 . 4 S N L o n : 3 4 4 . 6 2 E bottom D e p t h : 1 3 8 M e t r e s 
Bott le N o . D e p t h Sal in i ty T e m p P - T e m p O x y g e n A O U R u o r D o w n w . H y d r o g e n 
E l e c t r o d e Irrad P e r o x i d e 
(M) ( 0 / 0 0 ) ( D e g . C ) ( D e g . C ) (uM) ( u M 0 2 ) ( R e l . U n i t s ) (In) (nM) 
2 129 .51 3 6 . 1 6 5 2 1 3 . 0 6 7 6 1 3 . 0 4 9 1 2 1 4 . 9 6 9 2 4 3 . 8 9 5 0 6 . 6 6 2 0 2 . 9 5 5 7 < 1 0 . 6 
3 1 1 0 . 0 4 3 8 . 1 8 1 5 1 3 . 0 6 4 3 1 3 . 0 4 8 6 2 1 6 . 4 6 6 2 4 2 . 4 2 1 6 6 . 2 3 8 6 1 , 3 5 8 3 < 1 0 . 6 
4 9 0 . 0 0 3 8 . 1 4 6 9 1 3 . 0 7 0 5 1 3 , 0 5 7 7 2 1 9 . 2 9 3 6 3 9 . 6 1 4 3 1 0 . 3 5 7 3 0 . 0 3 6 4 < 1 0 . 6 
5 7 0 . 1 3 3 8 . 1 1 4 8 1 3 . 0 9 4 4 1 3 , 0 8 4 4 2 2 1 . 9 0 6 3 3 6 . 9 3 0 9 2 5 . 5 2 6 7 0 . 7 2 7 6 < 1 0 . 6 
6 6 0 . 0 8 3 8 . 1 0 7 5 1 3 . 1 4 7 8 1 3 . 1 3 9 2 2 3 1 . 0 2 3 3 2 7 . 5 4 4 2 5 1 . 1 6 4 0 0 . 5 7 1 0 < 1 0 . 6 
7 4 9 . 9 3 3 8 , 0 9 4 7 1 3 . 2 1 9 5 1 3 , 2 1 2 3 2 2 4 . 6 9 3 5 3 3 . 5 1 8 2 1 2 4 . 6 1 5 7 0 ,4921 < 1 0 . 6 
8 39 .91 3 8 . 0 7 6 3 1 3 . 3 6 5 7 1 3 . 3 5 9 9 2 3 1 . 2 1 1 6 2 6 . 2 6 4 6 1 1 9 . 1 6 8 3 0 . 3 5 0 7 < 1 0 . 6 
9 2 9 . 8 5 3 8 . 0 3 9 7 1 3 . 9 9 9 2 1 3 , 9 9 4 8 2 4 3 , 5 7 3 7 1 0 , 6 9 2 0 8 5 . 2 7 3 2 0 . 1 0 1 0 1 9 
1 0 1 9 . 6 5 3 7 . 9 5 8 6 1 7 . 0 8 7 3 1 7 , 0 8 3 9 2 3 1 . 2 6 1 7 8 . 2 3 2 3 1 3 . 7 2 7 4 - 0 . 0 0 7 3 19.1 
11 g . 6 8 3 7 . 8 5 0 5 2 0 . 0 8 1 9 2 0 , 0 8 0 1 2 1 2 . 3 6 1 6 1 4 . 3 0 6 7 7 . 0 6 5 1 - 0 . 1 6 2 3 4 7 . 3 
1 2 4 . 6 5 3 7 . 8 5 0 7 2 0 . 1 5 7 8 2 0 , 1 5 6 9 2 2 4 . 0 8 6 7 2 . 2 6 9 3 6 . 4 3 6 B - 0 . 2 5 8 2 6 8 . 7 
1 0 . 5 4 3 7 . 8 4 9 6 2 0 , 3 2 4 2 2 0 . 3 2 4 1 2 1 7 . 1 7 0 1 8 , 5 0 6 1 5 , 3 9 2 7 - 0 . 3 9 7 8 7 0 
C a s t N o : M D 1 / 8 C T O N o : D 1 0 3 X 1 2 7 
D a t e : 3 0 - 0 7 - 9 3 T i m e ; 18 :54 G M T 
L a t : 4 2 5 1 . 2 0 N L o n : 3 4 6 . 7 6 E 3ottom D e p t h : 1 0 4 , 5 M e u o s 
Bottle N o . D e p t h Sal in i ty T e m p P - T e m p O x y g e n A O U F luor D o w n w . H y d r o g e n 
E t e c t r o d e Irrad P e r o x i d e 
(M) ( 0 /00 ) ( D e g . C ) ( D e g . C ) (uM) ( u M 0 2 ) ( R e l . Un i ts ) (In) (nM) 
1 7 9 . 5 2 3 8 , 1 5 7 2 1 3 . 0 1 3 2 1 3 . 0 0 1 9 2 2 6 , 8 3 7 9 3 2 . 3 5 6 9 1 3 . 0 6 0 7 2 . 9 3 3 2 < 1 0 . 6 
2 5 9 . 1 6 3 8 . 1 0 9 6 1 3 . 0 6 1 3 1 3 , 0 5 2 9 2 3 3 , 5 9 7 4 2 5 . 4 2 2 4 9 1 . 7 5 4 7 2 . 9 1 8 6 < 1 0 . 6 
3 3 9 . 9 9 3 8 . 0 7 3 0 1 3 . 5 3 7 9 1 3 . 5 3 2 1 2 5 6 . 3 6 0 4 - 1 . 7 9 5 4 9 8 , 8 7 1 5 1 . 1 5 4 0 2 5 . 6 
4 3 0 . 1 7 3 8 . 0 0 7 8 1 4 . 6 6 9 6 1 4 . 6 6 5 0 2 5 1 , 6 7 3 3 - 0 . 7 3 4 6 3 4 . 2 7 6 6 0 , 9 8 0 6 2 7 . 5 
5 2 4 . 3 5 3 8 . 0 2 1 2 1 7 . 0 8 3 4 1 7 . 0 7 9 3 2 2 7 . 6 5 6 8 1 1 . 7 6 2 1 1 3 . 5 0 7 8 0 . 9 1 2 7 2 7 . 6 
6 1 9 4 7 3 7 . 9 2 4 2 1 8 . 2 6 8 2 1 8 . 2 6 4 7 2 2 7 . 9 8 8 6 6 . 2 7 7 2 8 , 8 7 6 0 0 , 6 5 5 8 5 7 . 9 
7 1 5 . 8 7 3 7 , 9 0 1 7 1 8 . 9 6 2 6 1 8 . 9 5 9 7 2 3 4 . 3 8 6 9 - 3 . 0 9 3 3 9 , 4 2 7 3 0 .6381 6 7 , 4 
8 1 2 . 2 7 3 7 . 8 9 3 6 1 9 . 2 5 6 6 1 9 . 2 5 4 5 2 2 6 . 0 5 7 0 3 . 9 9 6 7 9 . 5 8 6 0 0 , 8 1 7 3 8 2 . 4 
9 8 . 0 7 3 7 . 8 8 7 2 1 9 . 3 9 4 6 1 9 . 3 9 3 1 2 2 2 , 5 7 6 5 6 . 9 0 3 9 9 , 6 2 7 7 0 . 7 7 0 3 8 6 . 3 
1 0 3 , 6 9 3 7 . 8 4 9 6 2 0 . 2 8 2 0 2 0 . 2 8 1 3 2 2 4 . 6 7 0 6 1 . 1 7 7 6 8 . 1 2 3 9 0 . 6 8 3 7 1 0 7 
11 2 , 6 0 3 7 . 8 5 6 2 2 0 , 8 1 1 7 2 0 . 8 1 1 2 2 1 7 . 3 6 3 5 6 , 3 2 9 7 8 , 6 7 5 1 0 , 6 7 7 3 1 1 8 
1 2 1,42 3 7 . 6 5 5 9 2 0 , 8 0 3 6 2 0 . 8 0 3 4 2 1 7 . 4 9 6 3 6 . 2 2 9 6 7 . 6 6 5 4 0 , 6 3 1 9 121 
C a s t N o : M D i / g C T D No: D I 0 3 X 1 2 8 
D a t e : 3 0 - 0 7 - 9 3 T i m e : 2 2 : 4 5 G M T 
L a t : 4 2 5 1 . 4 4 N L o n ; 3 4 7 . 1 6 E tottom D e p t h : 1 0 3 M e t r e s 
Bott le N o . D e p t h Sal in i ty T e m p P - T e m p O x y g e n A O U R u o r D o w n w . H y d r o g e n 
E l e c t r o d e Irrad P e r o x i d e 
(M) ( 0 /00 ) ( D e g . C ) ( D e g . C ) (uM) ( u M 0 2 ) ( R e l . U n i t s ) (in) (nM) 
1 7 9 . 9 8 3 8 . 1 7 2 5 1 3 , 0 3 8 8 1 3 . 0 2 7 4 2 2 4 , 4 7 2 9 3 4 . 5 6 4 2 8 . 2 1 7 8 2 . 9 6 1 6 < 1 0 , 6 
2 6 0 . 2 9 3 8 . 1 1 9 6 1 3 . 0 5 1 5 1 3 . 0 4 2 9 2 2 6 , 0 4 2 3 3 1 . 0 1 3 4 4 4 . 8 6 8 0 2 . 9 7 9 4 < 1 0 . 6 
3 3 9 . 4 6 3 8 . 0 7 7 8 1 3 . 3 8 9 6 1 3 . 3 8 3 9 2 5 3 . 2 3 4 2 4 . 1 1 4 5 1 1 0 . 7 6 3 3 2 . 9 9 7 0 2 3 . 6 
4 3 5 . 7 3 3 8 . 0 4 8 8 1 4 . 0 1 8 9 1 4 . 0 1 3 6 2 4 8 . 1 0 9 6 6 . 0 4 1 4 4 4 . 1 9 0 2 3 . 0 0 8 5 2 6 , 2 
5 2 9 . 5 5 3 8 . 0 1 5 3 1 4 . 5 2 2 5 1 4 . 5 1 8 0 2 4 8 . 8 0 8 6 2 . 8 5 2 3 3 1 . 5 2 4 6 3 . 0 1 2 9 2 8 . 6 
6 2 4 , 9 3 3 7 , 9 6 6 6 1 6 , 2 9 4 6 1 6 . 2 9 0 5 2 4 5 , 2 6 9 4 - 2 . 1 4 9 6 1 5 . 8 6 6 8 3 . 0 1 5 4 33.1 
7 1 9 . 3 4 3 7 . 9 4 9 2 1 7 . 7 0 2 5 1 7 . 6 9 9 2 2 2 4 . 3 0 1 0 1 2 . 4 3 0 1 1 0 . 4 5 8 3 3 .0151 4 9 . 2 
8 1 6 . 3 5 3 7 . 9 3 6 2 1 7 . 9 8 1 7 1 7 . 9 7 8 9 2 3 0 . 3 5 6 7 5 . 1 5 2 7 8 . 8 3 7 9 3 . 0 1 3 5 5 1 . 8 
9 1 2 . 2 2 3 7 . 8 9 2 1 1 9 , 6 3 1 0 1 9 , 6 2 8 7 2 2 5 . 7 8 3 2 2 . 6 9 6 8 9 , 6 6 4 0 3 , 0 1 0 2 7 1 . 2 
1 0 8 . 1 5 3 7 . 8 6 5 1 1 9 . 8 7 6 8 1 9 , 8 7 7 3 2 3 4 . 5 9 5 0 - 7 . 1 0 7 5 7 , 5 7 5 6 3 . 0 0 3 8 8 9 . 7 
11 3 , 8 9 3 7 , 6 6 3 8 1 9 . 9 4 4 8 1 9 . 9 4 4 0 2 3 0 . 2 7 1 5 - 3 . 0 5 5 4 8 . 7 4 8 5 2 . 9 6 3 5 9 4 
1 2 1 .36 3 7 , 8 6 3 2 1 9 . 9 3 7 8 1 9 . 9 3 7 6 2 2 9 , 9 9 6 2 - 2 . 7 5 0 6 7 . 8 1 9 9 0 . 8 9 8 9 9 5 . 8 
190 
C a s t N o : M D l / 1 0 C T D N o ; D I 0 3 X 1 2 9 
D a t e : 3 1 - 0 7 - 9 3 T i m e : 06:11 G M T 
L a i : 4 2 5 0 . 5 2 N L o n : 3 4 6 . 4 7 E Bottom D e p t h : 1 1 7 M e t r e s 
BotUe N o . Dep th Sal in i ty T e m p P-Tenrtp O x y g e n A O U F luor D o w n w . Hydn^gen 
E l e c t r o d e Irrad P e r o x i d e 
(M) ( 0 / 0 0 ) ( D e g . C ) ( D e g . C ) (uM) ( u M 0 2 ) ( R e l . U n i t s ) (In) (nM) 
1 8 0 . 0 9 3 8 . 1 6 4 3 1 3 , 0 6 7 2 1 3 . 0 5 5 7 2 1 6 . 1 9 9 6 4 2 . 7 0 1 1 1 1 . 4 2 0 1 1 .0314 < 1 0 . 6 
2 5 9 . 3 9 3 8 . 1 4 2 8 1 3 . 0 6 3 6 1 3 . 0 5 5 2 2 2 3 . 4 9 3 3 3 5 . 4 6 0 8 9 . 6 5 3 8 0 , 7 6 5 0 < 1 0 . 6 
3 3 9 . 6 3 38 .1091 1 3 . 1 5 2 5 1 3 . 1 4 6 8 2 2 9 . 3 9 5 7 2 9 . 1 4 4 4 6 2 . 9 2 9 2 0 . 4 9 4 6 < 1 0 . 6 
4 3 5 . 2 7 3 8 . 1 0 1 3 1 3 . 1 9 9 4 1 3 . 1 9 4 4 2 3 0 . 0 6 8 5 2 8 . 2 3 7 8 1 3 1 . 1 4 2 7 0 . 4 1 3 3 1 6 . 5 
5 2 9 . 9 6 3 8 . 0 7 3 7 1 3 . 4 9 5 2 1 3 . 4 9 0 9 2 4 4 . 8 9 3 1 1 1 . 9 1 2 5 1 4 9 . 2 8 0 3 0 . 2 8 2 9 2 0 
6 2 5 . 3 6 3 8 . 0 6 0 5 1 3 . 7 6 1 0 1 3 . 7 5 7 3 2 4 6 . 8 0 1 4 8 . 6 5 1 5 7 2 . 0 6 2 6 0 . 1 8 1 9 22 .4 
7 19.81 3 8 . 0 3 3 3 14 ,7881 1 4 . 7 8 5 0 2 4 2 . 1 8 2 2 8 . 1 2 9 0 3 3 . 1 3 7 9 0 . 0 7 5 4 2 8 
8 1 5 . 9 3 3 7 . 9 4 0 2 1 7 . 9 1 6 0 1 7 . 9 1 3 2 2 2 9 . 2 4 3 0 6 . 5 5 1 7 1 4 , 5 2 8 6 0 . 0 1 0 4 4 4 . 3 
9 1 2 . 0 9 3 7 . 8 8 9 9 1 8 , 8 1 6 3 1 8 , 8 1 4 1 2 1 0 . 7 0 9 4 2 1 . 2 2 7 4 6 . 2 1 7 8 - 0 . 0 3 7 9 5 8 . 8 
1 0 8 . 0 5 3 7 . 8 8 8 6 1 8 . 9 1 6 2 1 8 . 9 1 4 8 2 2 6 . 1 2 5 6 5 . 3 8 4 5 1 1 . 2 7 2 2 - 0 . 1 3 7 6 6 3 . 5 
11 4 . 0 9 3 7 . 8 8 7 8 1 8 . 9 1 3 7 1 8 . 9 1 2 9 2 3 2 . 0 4 3 5 - 0 . 5 2 1 5 8 . 6 4 7 3 - 0 . 2 3 4 3 6 4 . 8 
12 1.04 3 7 , 8 8 7 7 1 8 . 9 3 1 5 1 8 . 9 3 1 3 2 2 7 . 0 1 1 9 4 . 4 3 4 2 9 . 5 1 6 4 - 0 . 4 4 3 0 6 5 . 6 
C a s t N o : M D i / 1 1 C T D N o D I 0 3 X 1 3 0 
D a l e : 3 1 - 0 7 - 9 3 T i m e : 08:21 G M T 
L a t : 4 2 5 0 . 0 7 N L o n : 3 4 6 . 8 3 E Bottom D e p t h : 1 2 0 . 5 M e t r e s 
Bott le N o . Dep th Sal in i ty T e m p P - T e m p O x y g e n A O U F luor D o w n w . H y d r o g e n 
E l e c t r o d e Irrad P e r o w d e 
(M) (0 /00 ) ( D e g , C ) ( D e g . C ) (uM) { u M 0 2 ) ( R e l . U n i t s ) (In) (nM) 
1 80 .21 3 8 . 1 8 0 6 1 3 . 0 8 4 8 1 3 . 0 7 3 3 2 2 2 . 6 6 6 0 3 6 . 1 1 5 2 7 . 6 8 8 3 0 .7911 < 10 .6 
2 5 9 . 4 7 3 8 . 1 3 3 2 1 3 . 0 6 9 9 1 3 . 0 6 1 4 2 2 6 , 7 9 2 3 2 9 . 1 4 4 3 1 5 . 0 2 5 0 0 . 5 4 2 2 < 10 .6 
3 3 9 . 9 7 3 8 . 0 9 8 8 1 3 . 2 0 2 0 1 3 . 1 9 6 3 2 3 8 . 6 4 8 4 1 9 . 6 4 8 3 1 4 7 . 8 3 7 7 0 . 2 5 8 2 1 6 . 6 
4 3 4 . 6 3 3 8 . 0 9 4 3 1 3 . 2 5 9 7 1 3 . 2 5 4 7 2 4 1 . 6 8 4 8 1 6 . 0 1 6 7 1 5 9 . 3 9 5 5 0 . 1 5 5 6 17 
5 3 0 . 1 8 3 8 . 0 7 7 3 1 3 . 4 1 1 2 1 3 . 4 0 6 8 2 4 6 . 6 2 1 4 1 0 . 6 1 6 0 1 2 2 . 9 8 1 1 0 . 0 5 0 6 19 .7 
6 2 5 . 1 5 3 8 . 0 3 8 8 14 .1811 1 4 . 1 7 7 3 2 5 4 . 0 1 1 7 - 0 . 6 6 8 9 3 4 . 0 7 5 3 - 0 . 0 3 9 6 2 4 . 8 
7 2 0 . 1 6 3 8 . 0 0 9 9 1 5 . 6 4 8 7 1 5 . 6 4 5 4 2 4 8 . 2 6 1 3 -2 .1411 1 5 . 5 2 0 2 -0 .1301 3 5 
8 1 5 . 9 2 3 7 . 9 0 1 7 1 8 . 7 4 3 7 1 8 . 7 4 0 8 2 2 2 . 3 4 3 6 9 . 8 8 9 2 9 . 7 4 3 0 - 0 . 1 9 2 9 5 8 . 3 
9 11.71 3 7 . 8 9 7 3 1 8 . 8 6 3 9 1 8 , 8 6 1 8 2 2 3 . 2 1 8 0 8 . 5 0 4 2 1 0 . 6 8 5 3 - 0 . 2 6 6 2 69 .1 
10 8 . 4 6 3 7 . 8 9 2 2 1 8 . 9 7 5 8 1 8 . 9 7 4 3 2 2 1 . 3 0 8 0 9 . 9 4 2 4 1 1 . 0 5 6 0 - 0 . 3 2 0 8 7 0 
11 4 . 2 5 37 8 9 2 2 1 8 . 9 6 6 7 1 8 . 9 6 7 9 2 2 9 . 8 4 5 0 1 . 4 3 5 8 7 . 6 9 9 0 - 0 . 4 0 0 3 7 0 . 4 
12 1.40 3 7 . 8 9 2 9 1 8 . 9 6 9 7 1 8 . 9 6 9 4 2 2 8 . 8 7 9 7 2 . 3 9 5 9 6 . 3 3 1 2 - 0 . 5 2 3 2 7 5 . 5 
C a s t N o : M D i / 1 3 C T D No- D I 0 3 X 1 3 2 
D a t e : 3 1 - 0 7 - 9 3 T i m e : 1 1 : 0 2 G M T 
L a t : 4 2 5 0 . 2 5 N L o n : 4 3 6 , 4 7 E 3ottom D e p t h : 1 1 9 M e t r e s 
Bott le N o . D e p t h Sal in i ty T e m p P - T e m p O x y g e n A O U F luor D o w n w . H y d r o g e n 
E l e c t r o d e Irrad P e r o x i d e 
(M) ( 0 /00 ) ( D e g . C ) ( D e g . C ) (uM) ( u M 0 2 ) ( R e l . U n r t s ) (In) (nM) 
1 9 9 . 7 5 3 8 . 1 8 4 2 1 3 . 0 5 4 3 1 3 . 0 4 0 0 2 1 3 . 7 2 5 5 4 5 . 2 1 0 8 1 0 . 9 5 7 5 0 . 9 0 3 8 < 10 .6 
2 8 0 . 1 6 3 8 . 1 7 7 5 1 3 . 0 7 5 6 1 3 , 0 6 4 1 2 1 9 . 8 6 5 2 3 8 . 9 6 9 7 1 2 . 9 9 6 0 0 . 6 5 7 3 < 1 0 6 
3 6 0 . 2 7 3 8 , 1 4 2 4 1 3 . 0 5 7 1 1 3 . 0 4 8 5 2 2 5 . 7 7 1 8 3 3 . 2 1 7 1 1 9 . 6 2 4 2 0 . 4 4 7 2 < 10 .6 
4 50 .11 3 8 . 1 2 1 0 1 3 . 1 0 2 5 1 3 . 0 9 5 4 2 3 1 . 4 0 7 3 2 7 . 3 7 6 7 3 8 . 5 3 0 0 0 . 3 4 6 9 < 10 .6 
5 4 0 . 5 0 3 8 . 1 0 5 6 1 3 . 1 8 5 0 1 3 . 1 7 9 2 2 3 5 . 7 8 0 7 2 2 . 5 9 4 3 1 5 1 . 4 0 0 0 0 . 2 3 3 2 < 10 .6 
6 2 9 . 9 8 3 8 . 0 6 1 9 1 3 . 6 2 4 0 1 3 . 6 1 9 6 2 4 5 . 0 2 6 0 1 1 . 1 3 1 3 7 5 . 8 2 4 2 0 . 0 4 4 0 1 9 . 8 
7 25 .11 3 8 . 0 3 9 0 13 .6811 1 3 . 9 7 7 4 2 5 2 . 5 4 8 7 1 . 8 1 0 6 3 5 . 6 1 3 1 • 0 . 0 6 4 1 2 0 . 6 
8 2 0 . 0 9 3 7 . 9 9 5 6 1 5 . 5 0 1 8 1 5 . 4 9 8 6 2 4 7 . 4 4 9 5 - 0 . 5 7 0 6 1 8 . 5 3 2 4 - 0 . 1 6 0 6 2 7 . 9 
9 1 5 . 2 0 3 7 . 9 3 2 2 1 8 . 2 1 5 1 1 8 . 2 1 2 4 2 3 3 . 6 3 2 4 0 . 8 5 4 9 1 2 . 8 5 5 4 - 0 . 2 5 4 8 4 2 , 4 
10 1 0 . 1 5 3 7 . 8 9 2 7 1 9 . 1 6 3 7 1 9 . 1 6 1 8 2 2 3 . 1 8 4 5 7 . 2 6 5 1 1 0 . 7 3 9 7 - 0 . 3 4 3 4 5 5 . 3 
11 4 . 8 3 3 7 , 8 9 4 2 1 9 . 2 3 2 0 1 9 . 2 3 1 1 2 2 6 . 5 6 1 0 3 . 5 9 6 9 1 0 . 3 3 0 1 - 0 . 4 5 4 4 6 5 . 6 
1 2 1 .06 3 7 . 8 9 2 6 1 9 . 2 5 0 2 1 9 . 2 5 0 0 2 3 0 . 2 1 0 7 - 0 . 1 2 7 7 1 0 . 0 8 1 6 - 0 . 6 1 7 7 69 .1 
191 
C a s t N o : M D i / 1 4 C T D N o : D I 0 3 X 1 3 3 
D a t e : 3 1 - 0 7 - 9 3 T i m e : 1 4 : 4 0 G M T 
L a t : 4 2 5 0 . 6 6 N L o n : 3 4 7 . 0 3 E Jo t tom D e p t h : 1 0 6 , 5 M e t r e s 
Bott le N o . D e p t h Sal in i ty T e m p P - T e m p O x y g o n A O U Ftuor D o w n w . H y d r o g e n 
E l e c t r o d e Irrad P e r o x i d e 
(M) ( 0 /00 ) ( D e g . C ) ( D o g . C ) (uM) ( u M 0 2 ) ( R e l . Un i ts ) (in) (nM) 
1 8 0 . 2 9 3 8 . 1 7 7 2 1 3 . 0 5 9 5 1 3 . 0 4 8 0 2 2 7 . 1 1 0 8 3 1 . 8 0 9 3 1 0 . 9 6 9 1 0 . 7 7 3 2 < 1 0 , 6 
2 5 9 . 9 2 3 8 . 1 2 7 2 1 3 . 0 7 5 6 1 3 , 0 6 7 1 2 3 1 . 9 8 9 9 2 6 . 9 2 6 2 4 3 . 5 4 3 9 0 . 5 5 0 9 < 1 0 , 6 
3 3 9 . 7 8 3 8 . 0 8 3 3 1 3 . 4 1 9 7 1 3 4 1 3 9 2 5 0 . 1 1 3 2 7 . 0 7 O 2 1 5 7 , 8 4 3 7 0 . 2 3 3 4 2 0 . 3 
4 3 4 . 8 2 3 8 . 0 5 6 2 1 3 . 8 6 5 0 1 3 . 8 5 9 8 2 6 1 . 0 9 2 2 - 6 . 1 6 6 4 4 8 4 7 2 3 0 . 1 5 4 9 2 5 . 6 
5 2 9 . 5 5 3 8 . 0 2 7 8 1 4 . 4 5 3 7 1 4 . 4 5 9 2 2 6 0 . 5 1 3 6 - 8 . 5 7 7 4 2 6 . 7 4 4 1 0 . 1 7 7 2 2 8 . 9 
6 2 5 , 3 8 3 7 . 9 8 4 2 1 6 , 0 7 0 6 1 6 . 0 6 6 5 2 5 6 . 2 2 8 2 • 1 2 . 0 5 0 0 1 9 . 2 1 9 9 0 .1721 3 4 
7 2 0 . 6 4 3 7 . 8 9 2 5 1 9 . 1 0 7 8 1 9 . 1 0 4 1 2 2 7 . 1 6 1 5 3 . 5 2 5 5 1 4 . 0 5 4 2 0 . 1 5 2 8 4 6 . 6 
8 1 5 . 7 6 3 7 . 8 8 4 7 1 9 . 3 1 3 4 1 9 . 3 1 0 5 2 1 4 . 3 7 2 3 1 5 4 5 4 0 1 2 . 4 4 7 4 0 . 1 0 6 2 75.1 
9 1 2 . 2 6 3 7 . 8 8 7 5 1 9 . 3 4 8 4 1 9 . 3 4 6 1 2 2 3 . 9 4 7 9 5 , 7 2 6 9 1 4 . 5 2 3 5 0 . 0 7 4 9 7 7 . 3 
1 0 8 . 0 6 3 7 . 8 8 7 6 1 9 . 3 4 6 5 1 9 . 3 4 5 0 2 2 2 . 6 2 6 8 7 , 0 5 6 1 1 7 . 0 2 6 8 0 . 0 1 8 7 8 0 . 7 
11 3 , 9 7 3 7 , 8 8 8 0 1 9 . 3 7 4 0 1 9 . 3 7 3 3 2 2 4 . 3 0 9 2 5 . 2 5 6 9 1 0 . 3 4 3 8 - 0 . 0 4 9 9 8 5 
12 0 .94 3 7 . 8 8 8 2 1 9 . 3 7 2 0 1 9 . 3 7 1 8 2 3 2 . 8 8 0 8 - 3 , 3 0 6 5 1 2 . 9 3 9 1 - 0 . 1 3 5 4 8 4 . 6 
192 
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